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FOREWORD

Full scale te~ts of underground and earth-covered loading and response systems sub­
jected to the effects of nuclear weapons were fnade during the periodof 1951 through
1958. Much uf this data has been scattered through c1assifk.d and unclassified lit­
erature without any previous attempt at correlation or cross reference purposes for Use
by researchers in the field of structural dynamics and Wl'opons effects. testing.

This dOCUMent includes, in one volume, all available pertinent data arranged in
order of test operation, but cross reference indexed by functional categories. Each
entry include:: project and structure identification, cross reference listing, report
references, project objectives, structural descrip';'ion, structural detai Is, soi I char­
acteristics, shot information, the test layout, loading data, a summary, other remarks,
and subsequent testing. This information is then correlated in a series of charts de­
signed to show quickly a.,d graphically thE: fl:!ll.liion between similar tests, and so
arranged that positive trends in structural response become apparent. A genera I dis­
cussion and recommendations are presented. Maps of the Eniwetok Atoll and the
Nevada Test Site are included to facilitate structure location,
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Summary of Loading and Response Systems

The following material is on enumeration and brief description of each test
conducted on underground Clnd earth-covered systems subjected to the effects
of nuclear weapons during full-scale test operations conducted from 1951 to
1958. A discussion and correlation of the tests is included as Part 2 of thi.
report.
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OPERATION: Greenhouse

PROJECT: 3.1

STRUCTURE IDENTIFICATION: 3.1.3

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED CONCRETE - Semi-Buried
Cast-in-Place Box and Precast Concrete Pipe Sections ( as part of com­
posite shelter)
EARTH-COVERED AND SEMI-BURIED STEEL - Corrugated Steel
Pipe Sections (as part of composite shelter )

REPORT REFERENCES:
WT-94, WT-116, WT-117, WT-lIB, WT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCAT 101'1: Janet ( Engebi )
Eniwetok Proving Grounds

OBJECTIVES:
To test the response of the structure ( 3.1.3 ) to dynamic loads produced by an atomic
bomb in order to verify parameters for use in the application of dynamic-plastic I-heory
to the design and evaluation of structures to resist atomic blast.

STRUCTURAL DESCRIPTION:
The buried structure consisted of a poured-in-place reinforced concrete section ( Unit
A ), several precast reinforced concrete sections ( Units B, C, and D ) and a -:orrugated
metal pipe section ( Unit E ). The poned-in-place shelter was designet- using conser­
vative assumptions for the transmissi on of the blast force through the earth. The fi rst
precast section ( Unit B ) was designed using the some loading assumptions adopted for
t~e desi gn . the poured-i n-p lace section. The load-ca;ryi ng capacity of precast Unit
C was arbi'- 'crily reduced below that provided in Section B, and the strength of Unit D
was further reduced by an arbitrary amoun. The corrugoted-steei pipe section ( Unit E )
was a standard steel pipe having such a small load capacity that its use could not be
justified on the basis of the os~umptions used for the design of the other units _ The pur­
pose of the underground test was to determine how to design Lndcr8round sheiters and

2.



to ?rovide information on the transmission of blast pressures through ioi I.

UNIT A
Solid reinforced concrete, 1'-0" thick
8'-0" high, 8'-0" wide, 18'-0" long
Subdivided by plywood partitions into two air locks

UNIT B
Two 4'-0" reinforced concrete pipe sections
8" thick, 8'-6" I. D.
Reinforcing - 5/8"~@ 4" O.c.

UNIT C
Two 4'-0" reinforced concrete pipe sections
8" thick, 8'-6" I.D.
Reinforcing - 3/4"~ @ 4" o.c.

UNIT 0
Two 4'-0" reinforced concrete pipe sections
8" thick, 8'-6" 1.0.
Reinforcin1 - 1/2"~ @ 6" o. c.

UNIT E
8'-0" long, 10 gage corrugoted metal pipe - 7'-0" 1.0.
Circumference - 4 pieces lopped 4 3/4" and connected
by two lines of 3/4" round bolts

STRUCTURAL DETAILS:

3
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SOIL CHARACTERISTICS:
Dry sand and gravel to a depth of six feet und loose sa~lJraieJ sutld froiii :.ix feet to

twenty-five feet.

PREVIOUS TESTING: Nune

.5

I
/

"Easy"
Tower
46.7 KT
300 feet
20 April 1951

Name:
Type:
Yield:
Height of Burst:
Dote:

TEST LAYOUT:

SHOT:



LOADING:
Shot" Easy": (Ovf!rprf!ssure on earch surface)

Peak Overpressure: 60 psi
Duration: 300 msec

SUMMARY:
There wcs insignificant damage for shot "Easy"

The cast-in-place section consisted of ('I box with one-foot-thick reinforced-concret~

members for the walls, roof, and floor. This portion of the structure was de~i gned to
oct elastically under full theoretical air blast pressure. As expected, this unit showed
no evidence of plastic deformation, and it would have afforded complete protection to
personnel inside it during the explosion.

The three precast sections were designed with varying strengths in an attempt ti insure
plastic action in 01- least one of them. None of these precast section~i suffered damage
that could be determined by visual inspection.

In spite of the very light metal used in the corrugated pipe section of the shelter, no
permanent plastic deformations were observed.

OTHER REMARKS:
Sections of the underground structure were provided with different strengths remging from
that required for full air blast pressure to arbitrarily weaker sections designed to antici­
pate larger plastic deflections or fai lure. It can be assumed from the absence of damage
or large distortions in the weaker sections of the underground test structures. that the
effective pressures exerted against the underground structures were much less than ex­
pected; and that the actual conditions regarding arch action, shear strength, and be­
havior of soil were signifi -:antly different from the pre-test analysis assumprions.

SUBSEQUENT TESTING:
During Operation Ivy, this structure was subjected to air blast overpressures from shots
"Mike" and "King". WT-641 contains a description of damage:
Shot:

Name: "Mike" "King"
Type: Tower Air
Yield: 14MT
Height of Burst: 20 feet J480 feet
Date: 31 Oct 1952 15 tvov 1952

Range: 17,f.60 feet 54,600 feet
Overpressure: I B psi 0.42 psi

Remarks: $tructvrally undamaged, surface on vent pipe charred on si de
facing GZ, doors removed prior to test, wood-frome air lock
destroyed.

,
u



OPERATION: Greenhouse

PROJECT: 3.1

STRUCTURE IDENTIFICATION: 3.2.40

CROSS REFERENCE INDEX:
EARTH-cOVERED AND SEMI-BURIED CONCRETE - Semi -Buried
Precast Concrete Magazine ( Gable)

REPORT REFERENCES:
WT-23, WT-24, WT-91, WT-117
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Janet ( Engebi )
Eniwetok Provi n9 Grounds

OBJECTlVI:S:
To test the design of an earth -covered precast-concrete structure for use as a magazi ne,
storage, or personnel shelter; to obtain a comparison of the performance of an earth­
covered structure with an uncovered structure (Greenhouse 3.2.4b ).

STRUCTURAL DESCRIPTION:
Strudure 3.2.40 was a precast-concrete maG;azine of rigid frame panels with two feet
of earth cover.

STRUCTURAL DETAILS:
DETAIL "e"

-2'-0" EARTH COVER

DETAIL "A'
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DETAIL -8-

2 X2118 lIoQe
WIRE MESH ---.,.

6" 9"

". -:.

~". :~I

~~ ~_" L
2'-9"

~----=~_._--.

DETAIL "'A~

SOIL CHARACTERISTICS:
Sand overburden to a depth of fi ve feet I cong lomerate from fi ve feet 1'0 six feet 1 and
loose sand and coan;e gravel from six feet to sixteen feet.

PREVIOUS TESTING: None

SHOT:
Name:
Type:
Yield:
Height of Burst:
Date:

"Easy"
Tower
46.7 KT
300 feet
20 April 951

9



TEST LAYOUT:

!II~----~r--"----_-I~E~O
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LOADING:
Shot "Easy": (Predicted peak overpressure of 20 psi)

Main Pulse:
Side-on Overpressure: 14.5 psi
Rise Time: 109 m:.ec

SUMMARY:
It was predicted that greatest damage would occur in frames at the crown of the roof.
Cracks at haunches were anticipated.

The earth cover on Structure 3.2.40, especially the heavy embankments against th",
vertical faces of the side walls, caused the structure to respond in a manner slightly
different from the predietions. It was thought that the pressure loading wou Id produce
a response similar to that obtained in on uncovered arch type structure, namely a slight
flattening out of the windward panels with tension stresses on the inside and compressive
stresses on the outside, as well as .J tendency to squash the leeward panels with tension
on the outside and compression on the inside. However, the flat sloping roof portion of
the windward panels received a heavier load than the vertical face; and the sloping
portion attempted to move downward, introducing large moments at the knee of the
panel with consequent cracks on the outside of the knee and none on the inside. On
the leeward wall panels, tension cracks appeared on the inside face neor the base and
also at the fold lines. The end panels that remained in place developed shear stresses
and cracks, as predicted, and to just about the extent predicted.

OTHER REMARKS:
A companion structure ( 3.2.4b ) without earth cover subjected to 11.0 psi suffered
complete collapse of the end walls. The rear and center panels of both end walls
fai led and were hurled to the center of the bui Idi ng. The front pane Is of each end
wall were damaged beyond effective use, but were sti II in plat:e with large deflections.
The end wall panels adjacent to the windward side of the building received medium
damage in those panels haying ribs outward. The panels haying skin outward were
damaged only in the rib, this damage being moderate. The rear panels sustained minor
cracking.

SUBSEQUENT TCSTlNG:
Similar structures were tested in Operation Upshot-Knothole Project 3.13 ( WT -729 ).
See text oage 67.
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OPERATION: Greenhouse

PROJECT: 3.2

STRUCTURE IDENTIFICATION: 3.2.6

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED CONCRETE - Semi -Buried
Precast Concrete Magazine ( Dome)

REPORT REFERENCES:
WT-23, WT..24, WT-91, WT-117
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Janet ( Engebi )
Eniwetok Proving Grounds

OBJECTIVES:
To test the design of on earth-covered precast-concrete dome structure for use as a
rnogazi ne or personne I she Iter.

STRUCTURAL DESCRIPTION:
Structure 3.2.6 was a dame shaped precast-concrete Navy magazine with two feet of
earth cover.

STRUCTURAL

SECTION

2'-0" EARTH COVER



2"x2"- 8 It a MESH

.r1t8',s-12" c mc BOTH WAYS

:i---""-"'-:'t- ~8'ANCHOR BOLT

2- Yi',s It 'i-8
M

AT EACH
" BOLT LDCATION

Y2 rI CONTINOUS

8" It %' PI. x o'-fi'

16'-3"

~~' BOLT

t'LAN

SOIL CHARACTCRISTICS:
Loose fine sand to 0 depth of 12 feet; compacted coarse gravel and coral from 12 feet
to 14 feet; and loose sand, grovel, and coral from 14 feet to 24 feet.

PREVIOUS TESTING: None

SHOT:
Nome:
Type:
Yield:
Heij:lht of Burst:
Date:

"Easy"
Tower
46.7 KT
300 feet
20 April 1951

i3



TEST LAYOUT:
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LOADING:
Shot "Easy": (Predicted peak overpressure of 14.5 psi

Main Purse:
Side-on Overpressure: 12 psi
Rise Time: 40 msec

SUMMARY:
The structure suffered only minor damage ( permanent verticar deformations of 3/4"
maximum) under the applied loading. Sright displacement of paners occurred relative
to each other. Most of the earth cover remained in place; however, the middle sec­
tion of the earth was thrown out. The door to the structure was slightly deformed, but
the wing walls were undamaged. Fai lure in the panels of this strur.:ture was limited to
a plastic change at some joints. Irregu larities in casting and shrinkage caused the panels
to bear on each other at the corners. Further 1 column action of the ribs in the vertical
plane during vertical deflection and of the ribs in the horizontal plane during wracking
caused plastic strains at the intersections.

OTHER REMARKS:
There was no attenuation of pressure in the two feet of cover on top of Structure 3.2.6.
However, decreased preS~iUres were observed on ~he walls, depending upon amount of
cover.

SUBSEQUENT TESTING:
This particular structur,) was uncovered and subjected to simi lor roading during Shot
"11"e:m". Simi lor conditions of range and p..essures existed; however, the structure was
severely dC"maged. Four of the lower panels on the side of the structure facing thp.
shot were demolished.
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OPERATION: Buster-Jangle

PROJECT: 3.2

STRUCTURE IDENTIFICATION: 3.13

CROSS REFERENCE INDEX:
MISCElLANEOUS STRUCTURES - Buried Reinfe ced Concrete Box
( Open Top)

REPORT REFERENCE:
WT-387
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
To provide data for the analysis and design of heavy underground structures to resist
impulsive loo~s.

STRUCTURAL DESCRIPTION:
Structure 3.13 was a buried reinforced concrete open box designed to resist high earth
pressures on its front and rear wa lis. The outside dimensi ans were 25 feet by 25 feet,
and th~ front and rear walls were 5 feet thick. The top of the structure was placed
7.5 feet below ground I~vel.

STRUCTURAL DETAilS: ( See Page 17)

SOIL CHARACTERISTICS:
The natural soil consisted of a cnnglomerate refern.d toas "caliche". The moisture
content was negligib Ie. The average density of the undisturbed soi I was 95 pef; and
ofter compacti on, The average density was 103 pcf.

16



.;~ f---2~: cl. (typIcal)

STRUCTURAL DETAILS:

PLAN

...

5'-0"

~5-0/4"~@ ~o"o"c;,.l
17'-I"lonll

15'-0"

2rl'·O"

~ -.

fJ'-O"

NATURAL GRADE LINE

------ --- --- --- --
3RAOE LINE HOMOGENEOUS MATERIAL

II

"j

SECTION A-A
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PREVIOUS TESTING:
A similar but not identical structure wos tested at Dugway Proving Glound, Utah. The
Dugway structure had a 3 feet 4 inch thick rear wall. However I this was thickened for
Operation Jangle because the rear wall failed in the Dugwav test.

SHOT:
Name:
Type:
Yield:
Depth of Burst:
Date:

TEST LAYOUT:

nUncle"
Underground
1.2 KT
17 feet-scaled depth - A = 0.13

c
29 Nov 1951

10
'v



LOADING:
Shot "Uncle":

No air pressure measured
Earth pressure - too low for measurable structural response

SUMMARY:
The buried concrete box structure was placed at the some scaled distance as for a similar
structure at the full scale dry clay test at Dugway, Utah. A simi lor one in the latter
test was severely damaged, and it was suggested that placing it at the some scafed dis­
tance in the Jangle test would couse moderate damage to the structure. Authoritative
predictions of the crater size were not avai lable prior to construction; so no attempt
was made to place this structure adjacent to the crater, which would have resulted in
significant damage, as demonstrated by the Dugway tests.

The structure was undamaged.

OTHER REMARKS:
The structure was instrumented to measure food and response. UnforTunately, most of
the transient records were lost due to a recorder fai lure. In addition, the structure
responded essentially elastically so that little positive information was obtained from
the permanent measurements.

SUBSEQUENT TESTING:
Two structures of this type, but of different dimensions were inc luded in Operation
Teapot, Project 3.3.2 (WT-1126). (See text page 87.)
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OPERATION: Buster-Jangle

PROJECT: 3.3

STRUCTU.~E IDENTIFICATlO N:
3.2101,3.21 bl, 3.21 el, 3.21 d1, 3.21 el, 3.21 fl, 3.21 a2,
3.21 b2, 3.21 c2, 3.21 d2, 3.21 e2, 3.21 f2

CROS~ REFERENCE INDEX:
MISCElLANEOUS STRUCTURES - Buried Steel and Reinforced Con­
crete Cells (Open Top)

REPORT REFERENCES:
WT-405, Vol. I
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIV~S:

To obtain a quantitative estimate of the damage which would be sustained by submerged
cellular structures of square or rectangular d~sign as a result of an underground explos­
ion and to determine whether such structures are satisfactory for use as underground
protecti ve she Ite rs .

STRUCTURAL DE~~R:!'T1('N:

Six pairs of square cell~j were constructed for the Operation (3.2i 01 and 3.2; 02
through 3.21 fl and 3.21 f2). Cells 3.21 c;1 through 3.21 f1 were all 850 ket from
ground zero, while cell~ 3.21 02 through 3.21 f! were 725 feet from ground zero. All
cells were the same height, 8 feet, and all v:ere placed with their upper ends fhlsh
with the ground surface. Wall thickness was the same for a given cell, and remained
constant with depth. Structure" 3.21 01 and 3.21 02 we.e made of 12 gnge sheet steel
while the remaining cells were constructed of reinforced concrete.
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STRUCTURAL DETAILS:

~
a'·0"

4'·." ~3'-6"

e d a

a 8 pI. - 48" X 12 ga. X 7~IIY2"

b 411 - 1~2' X I~'X 3/j6" X a-a"
c e bar. - 314" X 3116" X 7~8" a a :

d :3 bars - 3/4" X 3lJti' X 3'-7" A -~ A
3,," 3Ji" ,,' L -le 4bors - f4 X 16 X 3-4

I bar - 3/4" X 3/11>" X 4~4" =0

II 4 bar. - ~4" X 3/16' X 7~1I" .'(0
Q II

~I=10
e e -,

~
It)

PLAN
4'-0"

a'·0"

SECTION A-A c

3.21 a1 and a2 - light Metal Steel Cell
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SOIL CHARACTERISTICS:
Visual inspection of several opcn ClJts at thc test site showed u Vlide IUIlY~ in the grain
size of the soi I. Alternate bands of coarse gravel and graded sand were seen to extend
from the surface to a depth of 12 to 15 feet. At this depth there was a b:md of cal iche.
There is a wide ronge in soil grain size within the rather shallow depth of 10 feet.

PREVIOUS TESTING: None

SHOT:
NlJme:
Type:
Yield:
Depth of Burst:
Date:

"Uncle"
Underground
1.2 KT
17 feet
29 Nov 1951

TEST LAYOUT:
Structures 3.2101, 3.21 bl, 3.21 cl, 3.21 d1, 3.21 el and 3.21 fI were all 850 feet
from ground zero. Structures 3.21 a2, 3.21 b2, 3.21 c2, 3.21 d2, 3.21 e2 and 3.21 f2
were 725 feet from ground zero. Each structure was aligned with its front face perpen­
dicular to a roy eXi'ending from ground zero.

LOADING:
On about 80 percent of the records there is almost no evidence of graund-trunsmitted
earth pressure. Even the few traces which can be identified as ground-transmitted
pressure do not exhibit properties characteristic of a propagating wave.

SUMMARY:
The struclUres were instrumented to measure earth pressures, radial accelerations, verti~

cal accelerations, IJnd displacements ( relative between front and rear walls).

It was predicted that the cells located ot 725 feet would sustain considerable damC!ge,
while those at 850 feet would be damaged very little.

No damagg to the concrete cells resulted from either ground or air blast and the ground
shock was only a sma!! frClcti on of its predicted value.

The walls of the metal cells were observed to have bowed inward as much as 9 inches
at the ~cp crld 4 inches ot the center. However, considerable difficulty was encounter­
ed during the construction period in attempting to keep the cells from deflecting ex­
cessively under the static soil pressures and it was not possible to determine, by visual
examination alone, what portion of the observed displacement was caused by the explo­
si on.

OTHER REMARKS:
Pressure records show that the earth loads which resuit from impingement of a ground­
transmitted disturbance may be wholly inconsequential. The natJre of the medium and

27



the depth and dynamic properties of the disturbing source can greatly affect the charac­
teristics of the propagotion. Under conditions of burial depth, energy yield, and soil
type approximating this experiment, it is sofe to conclude that shallow buried reinforced
concrete cells will remain undamaged unless they are near the source.

Pressure loads were so low that even structures for weaker than the square cells would
have sustai ned no damage.

SUBSEQUENT TESTING: None
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OPERATION: Buster-Jangle

PROJECT: 3.3

STRUCTURE IDENTIFICATION: 3.22aJ, 3.2202, 3.22 b1, 3.22 b2

CROSS REFERENCE INDEX:
MISCELLANEOUS STRUCTURES - Buried Corrugated Iron and Rein­
forced Concrete Ce lis ( Ope n Top)

REPORT REFERENCES:
WT -405, Vol. I
Defense Atomic Support Agency
Washi ngran 25, D. C •

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
To furnish information on the vulnerability of tunnels, subways, underground conduits,
pipirig, etc., to loads imposed by underground explosi ons and to determine" the suit­
ability of structures of circular design for use as protective shelters.

STRUCTURAL DESCRIPTION:
Four circular cells and three tunne I sections were constructed for the operati on. Three
of the circular cells had 6 inch thick concrete walls, doubly reinforced. The fourth
was made of 8 gage corrugated steel sheet. All ce lis were oriented with their longi­
tudinal axis vertical and hod heights and outside diameters of equal dimensions, 10 feet.

STRUCTURAL DETAILS: (See Page 30)

SOIL CHARACTERISTICS:
Visual insp~etion of several open cuts at the test site showed a wide range in the grain
size of the soi I. Alternate hands of coarse grovel and graded sand were seen to extend
from the surface to a depth of 12 to 15 feet. At this depth there was a band of calir:he.
There is a wide range in soil grain size within the rather shallow depth of 10 feet.
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SECTION A-A SECTION 8-8

3.22 a - Corrugated Steel Shell 3.22 b - Reinforced Concrete Cell

PREVIOUS TESTING: None

SHOT:
Name:
Type:
Yield:
Depth of Burst:
Date:

"Uncle"
Underground
1.2 KT
17 feet
29 Nov 1951
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TEST LAYOUT:
Details of Circular Cells

structure

3.22 01
3.22 02
3.22 b1
3.22 b2

radial di .;~•.mce
from explosion

material ( feet)

Corrugated Stee I 375
Corrugated Steel 525
Reinforced Concrete 525
Reinforced Concrete 375

depth of earth
covering structure

( feet)

None ( upper end of
3.22 cells flush with

surface)

LOADING:
The earth pressure records indicate the total absence! of on earth pressure wave.

SUMMARY:
The cells sustained L10 structural damage.

SUBSEQUENT TESTING: None
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OPERATIOt~:

PROJECT:

Buster-Jangle

3.3

ST~UCTURE IDENTIFICATION: 3.230, 3.23 b

CROSS REFERENCE INDEX:
BURIED CONCRETE - Precast Concrete Pipe Sections

REPORT REFERENCES:
WT-405, Vol. 1
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
To furnish information on the vulnerability of tunnels, subways, underground conJuit~

piping, etc., ta loads imposed by underground explosions; and to determine the suit·
ability of structures of circular design for use as protective shelters.

STRUCTURAL DESCRIPTION:
The three tunnel sections, all alike, hod 6 inch c-oncrete walls reinforced at mid­
thickness with 1/2 inch round bars 01 4 inches on center. The tunnel sections were
24 feet long, 7 feet in outside diameter, and had their longitudinal axis horizontal.

STRUCTURAL DETAILS: ( See Page 33 )

SOIL CHARACTERISTICS:
Visual inspection of se'leral open cuts at the test site showed a wide range in the grain
size of the soil. Alternate bands of coarse gravel and graded sand were seen to extend
from the surface to a depth of 12 to 15 feet. There was a wide range in soil groi n si ze
within the rather shallow depth of 10 feet.
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STONE
RIPRAP

24'·0"

STRUCTURAL DETAilS:

A ·co

L·9v
=co

II a" GAP 2'·0"

SECTION A-A

PREVIOUS TESTING: None
Buried Concrete Pipe olso included in Operation Buster-Jangle Project 9.1
( Structure 9. 1 b ).

SHOT:
Name:
Type:
Yield:
Deptl, of BursT:
Date:

nUnde"
Underground
1.2 KT
17 feet
29 Nov 1951

TEST LAYOUT:
Details of Tunnel Sections

structure
radial distance

material from explosion
( feet)

depth of earth
coveri n9 structure

( feet)

3.2301
3.2302
3.23 bl

Rei nforced Concrete 350
Reinforced Concrete 525
Rei nforced Concrete 350

3.0
3.0
9.0
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LOADING:
The earth pressure records indicate the total absence of al'l earth pressure wave. Test
records indicate that the magnitude of the air blast induced earth pressure is quite sub­
stantial, attaching values of about 20 psi.

SUMMARY:
The test results have indicated that underground structures of cirr.ular cross-section
located 2 to 4 crater radii. from ground zero are almost invulnerable to the earth-trans­
mitted effects which follow detonation of small nuclear weapons buried at shallow depths.

OTHER REMARKS:
The val ues of air blast induced ground pressure given on test records do not furnish 0

reliable means of estimating the compressive load to which the tunnels were subjected.
Only a Iightiy constructed wooden door offered resistance to penetration of the struc­
ture by the shock wave. Hence, when the wave passed, it diffracted into the structure
loading the inside surfaces and reducing the unbalanced structural load.

SUBSEQUENT TESTING: None
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OPERAT 10 N: Buster-Jang Ie

PROJECT: 9.1

STRUCTURE IDENTIFICATION: 9.10

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL - Earth-Covered
Corrugated Stee I Arch Sect; ons

REPORT REFERENCES:
WT-359
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
To develop information on the degree of protection from atomic explosions afforded by
simple structures: covered trench, metal arch, wood arch, and basement lean-to.

STRUCTURAL DESCRIPTION:
A total of 29 structures were tested. Eighteen of the structures were prefabricated
wcod, earth-covered trench shelters; four were wood-arch shelters; two were basement
leon-to shelters; and five were earth-covered corrugated metal arch structures. Only
the corrugated metal arch structures are discussed below.

One complete metal-arch shelter (b-l) was included in the test, built in accordance with
plans prepared b, the Lehigh University Institute of Research. It cons!sted of 0 12
gage corrugated metai orch roof, 5 feet 6 inches in diameter, resting on concrete
block walls. The arch was covered with three feet of earth cover.

Four other metal"arch sections of similar span were inclucied:
b-2 12 gage 2 feet earth cover Concrete Footing
b-3 16 gage 2 feet earth cover Concrete Footing
b-4 16 gage 3 feet earth cover Concrete Footing
b 5 12 gogl: 3 feet earth cover Concrete Footing
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STRUCTURAL DETAilS:
~~~~

SOil CHARACTERISTICS:
Yucca Flat is an alluvium-filled valley. The alluvium varies in character from day
and silt-sized particles to cobbles and bQI.Jlders. The composition of this material is
chiefly limestone and volcanic tuff with smaller amounts of other volcanics, quartzite,
conglomerate and sandstone. The alluvium is poorly consolidated ~)(cept where the
particles are cemented by caliche or where beds of caliche exist. Density of the
alluvium varies from 1.3 to 1.8 kilograms per liter.

After being disturbed, the soil hod proctically no cohesive properties. The low cohesive
value of the material used in backfilling mode it difficult t'). compact the earth cover on
the structures. It was also impossible to protect above-ground entrance construction
because of the tendency of the material to flow Freely. Intermittant showers two days
before the first explosion contributed Iittle to the stability of the earth cover. Since
no special provisions were taken to compact backfi II, the structures were subjected
to unusually severe test conditions.

PREVIOUS TESTING: None

SHOT:

36

Name:
Type:
Yield:
Height of Burst:
Date:

"Boker"
Air
3.5 KT
1118 feet
28 Oct 1951

"Charlie"
Air
14 KT
1132 feet
30 Oct 1951

"Dog"
Air
21 KT
1417 feet
1 Nov 1951



TEST LAYOUT:
Shot "Bakt:r" Shot "Cnarlie" Shot "Dog"

distance slant distance slant distance slant
from GZ range from GZ range from GZ ronge

b-l 1272 1694 1360 1769 1256 1894
b-2 1275 1696 1361 1770 1257 1894
b-3 1277 1698 1363 1772 1258 1895
b-4 1280 1700 1363 1773 1258 1895
b-5 1282 '1704 1367 1775 1259 1896

I.OADING:
( Overpressures at structure)
The only loading information avai lable is peak overpressure. These are as follows:

Shot "Baker" 7.9 psi
Shot "Charlie" 14.8 psi
Shot "Dog" 14.7 psi ( estimated)

SUMMARY:

Shot "Baker"

shelterb-1

shelter b-2

shelter b-3

~helter b-4

shelter b-5

Shot "Charlie"

shelter b-l

shelter b-2

shelter b-3

shelter b-4

Damage

Heavy Damage. End section pushed in at bottom. Arch twisted
6" to 12" out of line but intact. Entrance almost impassable ­
folded. Cover reouced 1811 to 24" .

Arch twisted. Cover reduced 15" to 18".

Cover remaining 6" to 9" • No damage.

Cover remaining 9" to 12". No damage.

Cover remaining 9" to 12". No damage.

Damage

Complete Destructi on. End secti on a,ld entrcnce demolished.
Shelter fi lied with material.

No change in position of arch; arch complefely stripped; some
soi I blown in open end.

End wall uncovered and opened up. Partially filled with soil;
practi cally a II cover removed.

Arch twisted; end section demolished; practically all cover
removed.
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shelter b-5

Shot "Dog"

shelter b-l

shelter b~2

shelter b··3

shelter b-4

shelter b-5

No change in arch; portly fi lied with soi I; practically all cover
removed.

Damage

Complete Destruction. No change; structure completely
stripped.

Arch tilted away from ground zero; end section demolished;
partially fi lied with materia I.

Arc h ti Ited away from ground zero; end section demolished;
complete Iy fi lied with material.

Arch ti Ited towards ground zero; end section demolished;
partly filled with soil,

End section demolished; completely filled with soil.

OTHER REMARKS:
The structural instrumentation used did not provide significant data for any analytical
response considerations. Because the ends of the arch sections were open, significant
build-up of internal pressures occurred; thereby automatically increasing the resistance
of the structures. These structures were not repaired after each test.

SUBSEQUENT TESTING:
Simi lar structures were tested in Operation Upshot-Knothole, Project 21.1 (WT-801 ).
See text page 74.
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OPERATION:

PROJECT:

Buster-Jangle

9. 1

STRUCTURE IDENTIFICATION: 9.tb

CROSS REFERENCE INDEX:
BURIED CONCRETE - Concrete Pipe
BURIED STEEL - Corrugated Steel Pipe

REPORT REFEREI-.JCES:
WT-360
Defense Atomic Supp.Jrt Agency
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
To determine the effects of several atomic air bursts (as related to blast, radiation, and
thermal hazards to personnel) on a shelter constructed of conventional materials and
buried under about three feet of earth.

STRUCTURAL DESCRIPTION:
The test structure was constructed of 24 feet of standard centrifugally spun reinforced
concrete pipe (three 8 foot lengths, 90 inch inside diameter I 7 3/4 inch shell thick­
ness); a poured-in-place reinforced concrete double ramp entrance; 24 feet of ingot
iron corrugated multiplare pipe ( four 6 foot lengths, 90 inch inside diameter, 10 gage);
and a 10 gage and 12 gage corrugated metal sheet and structural steel double raMp
entrance. These materials were joined ot the center to form a 48 foot lon8 ( e-:c1usive
of romps) 48-person capacity she Iter. Three feet and 3 feet 8 inches of earth were
placed over the concrete and metal pipe respective Iy, mounded about 2 feet above
normal grade over the principal axis of the pipe, and sloped at about 1 in 10.

STRUCTURAL DETAILS: ( See Page 40)

SOIL CHA~ACTERISTICS:

The alluvium in Yucca Flat varies in character from cloy and silt-sized particles, to
r::Qhbl"s (1nd boulders. The composition of this I('uleliul is chiefly limestone and
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STRUCTURAL DETAILS:
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volcanic tuff with smaller amounts of other volcanks, quartzite, conglomerate and
sandstone. The alluvium is poorly consolidated except where the particles ure cement­
ed by caliche or where beds of caliche exist. Density of the alluvium varies from 1.3
to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic Foot. There were no
determinations mode of the cohesive properties of the SO! I either before or after it was
disturbed.

The soil at the location of the AEC Communal Shelter was predominantly of silt-sized
particles, of very low moisture content, and diffjc~!t to compact. The material showed
a pronounced tendency to flow free Iy, which characteristic caused the progressive
flattening after each shot of the mounded earth cover over the shelter with a resultant
loss in shielding against initial nuclear radiation. The test operations did not permit
the replacement of earth cover removed by each explosion, nor the removal of soi I
which flowed down the ramps and into the open ends of the shelter.

PREVIOUS TESTING: None

SHOT:
Nome:
Type:
Yield:
Height of Burst:
Date:

"Baker"
Air
3.5 KT
1118 feet
28 Oct 1951

"Charlie"
Air
14 KT
1132 feet
30 Oct 1~51

I1Dog"
Air
21 KT
1417 feet
1 Nov 1951

"Easy"
Air
31.3 KT
1314 feet
5 Nov 1951

TEST LAYOUT:

PROJECT 9.1 b

N

::~'::~:: !~~. I
56'N-37'W ... ;" .

GROUNO ZEROA-':~---30-0-'----+I----------~
N B50,423. 59 I
E 688,686.77 I ~

I ~~
~

ie-------r-----~- ~-,--
I I

BUSTER

N 650,000
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LOAOING:

Shot "Baker"

9.0 psi

25.4 psi

39.J psi

35.9 psi

Shot "Charlie "

24.0 psi

31.7psi

47.5 psi

44.7 psi

Shot "DoglI

25.9psi

30.7 psi

35.2 psi
( est. )

38.7 psi

Shot IIEasy"

Peak overpressure at ground Jeve I

Average inside overpressure; 5 feet from center in concrete
section

Average inside overpressure; 5 feet from center in steel section

Average inside overpressure at center; 24 feet from ends

Peak overpressure at ground If'!vel

Average inside overpressure; 5 feet from center in concrete
section

Average inside overpressure; 5 feet from center in steel section

Average inside overpreSSI'::"<: at center; 24 feet from ends

Peak overpreSfure at ground leve I

Average insj(~e o ....erpressure; 5 feet from center in concrete
section

Average inside overpressure; 5 feet from center in steel
section

Average inside overpressure at center; 24 feet from ends

(Loading data not avai lab Ie)

SUMMARY:
Shot "Baker" produced light damage and insignificant movement of earth cover. The
maximum vertical deflections were 1.14 inches for the metal pipe and 1.24 inches for
the concrete pipe. Permanent displacements were 0.44 inches for the metal pipe and
0.56 inches for the concrete pipe.

Shot "Charlie" removed a considerable amount of earth cover and large quantities of
soil flowed down the romps and into the pipe ends. No damage was observed in the
metal pipe. The maximum vertical deflection was 0.74 inches, and an additional
permanent displacement of 0.16 inches wa3 observed. The concrete pipe was un­
damaged. The maximum vertical deflection was 0.68 inches, and no additional
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permanent displacement was observed.

Shot "Dog" removed the remaining earth cover and fi lied the pipe ends to approxi­
mat~ly 50 percent of their original area. The metal ramp was collapsed and the struts
at the concrete ramp were damaged. Maximum vertical deflections were 2.72 inches
and 2.10 inches for the metal and concrete pipes respectively; and permanent dis­
placements were 0.60 inches and 0.93 inches in addition to the displacements produced
by the previous shots.

Shot "Easy" produced vertical deflections of 1.20 inches and 0.62 for the metal and
concrete pipe sections respectively; and additional permanent displacements were
0.37 inches and 0.07 inches.

Structural instrumentation consisted of indenter gages and verti cal displacement gages.

OTHER REt\l'\ARKS:
The structures were open; hence, considerable internal pressures developed. Response
under these conditions could be considerably different from closed shelters.

SUBSEQUENT TESTING:
None for this structure. Structures of corrugated stee I pipe sections were included in
the followi ng:

Operation Plumbbob, Project 3.2 (See text page 121.)
Operation PlumblJub, Project 34.3 (See text page 171.)

Structures of concrete pipe sections were included in Operation Plumbbob, Project 3.2.
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OPERATION:

PROJECT:

Ivy

Test Support Station

STRUCTURE IDENTIFICATION: Station 200

CROSS REFERENCE INDEX:

TEST SUPPORT STATIONS -- !'."assive Reinforced Concrete Semi­
Buried Shelter

REPORT REFERENCES:
WT-641
Defense Atomic Support Agency
Washington 25, D. C .

LOCATION: Irene (Bogairikk I. )
Eniwetok Praying Grounds

OBJECTIVES: (Non-experi menta I structure)
Structure used for test support purposes, thus only yi:>ual past shot inspections were
mode.

STRUCTURAL DESCRIPTION:

Massive reinforced concrete semi -buried structure; walls 4 feet thick; roof 3 feet
thick; wall reinforcing 1/2% vertical and 1/4% horizontal in each face; roof slab
reinforced with steel I-beams over 14, 12, and 9 feet clear spans.

STRUCTURAL DETAILS: (See text page 45.)

SOIL CHARACTERISTICS:
Carol sand. Fine to coarse sand with some fine gravel.
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PREVIOUS TESTING: None

SHOT:
Name:
Type:
Yield:
Height of Burst:
Date:

IIMike ll

Tower

14 MT
20 feet
31 Oct 1952

"King ll

Air Drop

1480 feet
15 Nov 1952
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TEST LAYOUT:
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LOADING,
( Overpressure at ground surfucE:: )

Shot "Mike"
Precursor:
Main Pulse:

Shot "King"
Precursor:
Main Pulse:

None
Rise Time - essentially zero
Peak Overpressl)rl" - 52 psi
Duration - Unknown

None
Rise Time - essentially zero
Peak Overpressure - 0.35 pSI
DurC'tion - Unknown

SUMMARY:
Heavy concrete wall with pipe inserts at front of structure was badly dented. In rear
of structure a heavy steel beam waS bent through 1800. A retaining wall was separated
from structure but not seve re Iy damaged. No majol structura I damage.

OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, response data was collected by visual inspection for general information pur­
poses only.

SUBSEQUENT TESTING:
This structure, also identified as Operation Castle, Structure 200; Operation Redwing
Structure 16J 1; and Operation Hardtack, Structure 1314, was subjected to significant
overpressures in those operations.

Operation Castle Redwing Redwing Hardtack

Device code nome "Nectar" "Seminole" "Apache" "Koa"
Location Eniwetok Eniwetok Eniwetok Eniwetok
Size of weapon 1.7 MT 13.6 KT 1.85 MT 1.38 MT
Height of burst Barge Surface Barge Surface
D:stance from GZ 8,967 feet 1,217 feet 7,500 feet 5,360 feet
Peak overpressure 20 psi 30 psi 30 psi 42 psi

Post shot conditions for each successive operation indicated little or no additional
damage.
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OPERAlION: Ivy

PROJECT: Test Support Station

STRUCTURE IDENTIFICATION: Station 252

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS - Reinforced Concrete Semi-Buried
Shelter

REPORT REFERENCES:
WT-641
De~ense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yvonne ( Runit )
Eniwetok Proving Grounds

:Q :",

.0, .',... -.

OBJECTIVES:
(Non-experilT!~ntal structure). Structure used for test support purposes.

STRUCTURAL DESCRIPTION:
Reinforced concrete semi-buried structure; walls and roof 1 foot 2 inches thick with
1% mai n re inforcement for 13 feet c lear span.

STRUCTURAL DETAILS.

~ctm. ~
4f~JY/r ~. ~I ' 1 4'·","

/ :~ ••._~~ •. , . w
-I---- -." .... o.

0. -

SECTION A-A
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PLAN

SOIL CHARACTERISTICS:
Coral sand. Fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:
Name:
Type:
Yield:
Height of Burst:
Date:

"Mikell
Tower
14 MT
20 feet
31 Oct 1952

"King"
Air Drop

1480 feet
15 Nov 1952
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TEST LAYOUT:
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LOADING:

Shot "Mike"
Precursor:
Main Pulse:

Shot "King ll

Precursor:
Main Pulse:

None
Rise Time - essentially zero
Peak Overpressure - 1.35 psi

None
Rise Time - essentially zero
Peak Overpressure - 18 psi

SUMMARY:
Wood parapet and sandbags ,,'ere blown over entrances, no damage to concrete structure.

OTHER REMARKS:
Measurements of pressure and deflection were not made for this test station; hence,
response data was collected by visual inspection for general information purposes only.

SUBSEQUENT TESTING:
No data available.
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OPERAtiON: ivy

PROJECT: Test Support Stati on

STRUCTURE IDENTIFICATION: Station 307

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS - Reinforced Concrete Semi-Buried
She Iter

REPORT REFERf:NCES:
WT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yvonne ( Runit )
Eniwetok Proving Grounds

OBJECTIVES:
(Non-experimental structure). Structure used for test support purposes.

STRUCTURAL DESCRIPTION:
Reinforced concrete semi -buried structure; walls and roof, I foot 3 inches trick with
1/2% main reinforcement for 9 foot clear span; earth cover, 2 feet thick over roof.

- - ~::a....~........--,.,....'"":':..,......."..... .,...: ......~,~.t-:""".. :'-.. --:-. ...,.,:,..-!..!f
~""

SECTION A-A -~
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SOIL CHARACTERISTICS:
Coral :>ana. Fine to coarse .5and with some fine gravel.

PREVIOUS TESTI NG: None

SHOT:
Name:
Type:
Yield:
Height of Burst:
Dote:

"Mike"
Tower
14 MT
20 feet
31 Oct 1952

liKing"
Air Drop

1480 feet
15 Nov 1952

TEST LAYOUT: (See Test layout, Page 50)

None
Rise Time - essentially zero
Peak Overpressure - 1 .35 psi

LOADING:
( Overprt:3sures at ground surface)
Shot "Mikell

Precursor:
Main Pulse:
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Shot liKing"
Precursor:
Main Pulse:

None
Rise Time- essentially zero
Peak Overpressure - ~ 1. a ps:

SUMMARY:
The cIornage observations were of a visual nature. Because there w-sre two atomic
bursts at different points in Operation Ivy I there was on overlap of air-burst effects
ot some points. This mllide it difficult to tell what damage was caused by each shot.
Only minor damage was reported (a 12 inch pipe outlet was bent); no damage to
concrete structure.

SUBSEQUENT TESTING:
No dota available.
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OPERATION:

PROJECT:

Ivy

Test Support Station

STRUCTURE IDENTIFICATION: Station 520

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS - Massive Reinforced Concrete Semi­
Buried She!ter

REPORT REFERENCES:
WT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Clara (Ruchi )
Eniwetok Proving Grounds

OBJECTIVES:
(Non-experimental structure). Structure used for test support purposes.

STRUCTURAL DESCRIPTION:
Massive reinforced concrete semi-buried strueturei walls and roof 4 feet 4 inches
thick with 1/4% reinforcement in each face in two directionsi clear span of 8 feeti

earth-fi II cover approximately 4 feet deep.

STRUCTURAL DETAILS: ( See Page 56)

SOIL CHARACTERISTICS:
Coral sand. Fine to coarse sand with some fine grovel.

PREVIOUS TESTING: None
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SHOT:
Name:
Type:
Yield:
Height of Burst:
Date:

"Mike"
Tower
14 MT
20 feet
31 Oct 1952

"King"
Air Drop

1480 feet
15 Nov 1952

......

I&l

LAYOUT:

~
~
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None
Rise Time - essentially zero
Peak Overpressure - 74 psi estimated

LOADING:
( Overpressure at ground surface )

Shot "Mike"
Precursor:
Main Pulse:

Shot "King"
Precursor:
Main Pulse:

None
Rise Time - essentially zero
Peak Overpressure - O. 3 psi

SUMMARY:
There was no major damage; however, the top of the retaining wall at the rear of
the structure collapsed.

OTHER REMARKS:
Measurements of earth pressure and defleetiC'n were not made for this te5t station;
hence, response data was collected by visual inspection for general information pur­
poses only.

SUBSEQUENT TESTING: (WT-901)
This structure, also identified as Operation Castle, Structure 1810.05, waS subject
to the following overpressure in Operation Castle:

DevicJ code name
Location
Size of weapon
He i ght of Burst
Distance from GZ
Peak overpressure

"Nectar"
Eniwetok
1.7 MT
Barge
7,553 feet
50 psi

The structure suffered minor damage where the top of the retaining wall collapsed
again and much of the earth cover waS blown away.
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OPERATION:

PROJECT:

Upshot-Knothole

3.7

STRUCTURE IDENTIFICATION: 3.7

CROSS REFERENCE INDEX:
BURlED CONCRETE - Reinforced Concrete Personnel Shelters

REPORT REFERENCES:
WT-726
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To obtain basic data for the development of criteria for the design of various devices
suitable as air intakes or ventilation duets. (An underground reinforced concrete
structure, of interest here, has beell used a:; a te"t facility.)

STRUCTURAL DESCRIPTION:
The test foci lity consisted of one large structure divided into several compartments
to provide the required facilities. The main portion of the structure was divided into
two equal areas, and a portion of each of these large areas was subdivided into three
separate chambers. The six charr:bers thus formed were 3 feet by 4 feet by 7 feet
high, and served as test chambers for the vents.

The concrete floor slab, roof slab and wei Is were 12 inches thick; and in general,
the design was based on the assumption that the slobs spanned the short direction
on Iy and were fi xed ot the support!..

The rcof slob waS designed to experience minor cracking when subjected to a triangu­
lar loading pulse having 0 peak pressure of 60 psi and a duration of 100 msec.

The earth cover over the roof was 2 feet deep. Two test entrancewoys provided
access to the structure.
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STRUCTURAL DETAILS:

PLAN
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SECTION A-A

SOIL CHARACTERISTICS:
The soil of Frenchman's Flat co.,sists of silt with 0 trace of clay and has a maximum dry
densi ty of 96 to 108 pc f.

PREVIOUS TEST ING: None

SHOT:

'"uv

Name:
Type:
Yield:
Height of Burst:
Date:

Shot 9
"Encore"
Air
26.5 KT
2425 feet
BMay 1953

Shot 10
"Grable"
Gun
14.9 KT
524 feet
25 May 1953



rEST LAYOUT:

SITE PLAN

LOADfNG:
Shot 9:

Precursor:
Main Pulse:

Shot 10:
Precursor:

Main Pulse:

I
/SHOT 9

,
•

ANGLE OF lNCL1NATION

None
Rise Time - essentially zero
Peak Overpressure - 21 psi
Duration - 660 msec

Rise Time - essentially zero
Overpressure - 25 psi
Duration - 30 to 35 msec
Rise Time - 10 to 15 msec
Peak Overpressure - 115 psi
Duration - 230 msec
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SUMMARY:
No :)rructural damage occurred during Shot 9. Most data recorded for this shot was
from instrumentation on the venti lators.

The pressures produced by Shot 10 were twi (;e the magnitude expected. Consequently
all of the venti lators failed in this shot except the rock gri lies. A structural fai lure
occurred in the roof of one-half of the test shelter. The failure appeared to be pri­
marily a shear failure. The roof in the other half of thtl rest shelter showed no measur­
able permanent deformation.

OTHER REMARKS:
The results of Shot 10 were of interest because of the structural failure which occurred
in the roof of the structure in one-half of the test shelter. The ro.,)()f had been designed
for a pressure of 60 psi, with design values that corresponded to a factor of safety of
about two. Since the actual pressures obtained were just about th06e which should
helve caused failure in the structure, it is not surprising that such a failure was observed.
However, the conditions of fai lure were somewhat unusual in that only one roof element
failed, apparently in shear, primari Iy; and the other showed no measu,abie permanent
deformation. It is not at all impossible, however, that there were differences in the
pressure levels on the different parts of the structure, whi ch may have accounted for
these phenomena; or thnt becou:oe of constructi on detai Is, the resistance of the two
roofs differed somewhat. This difference could eosi Iy have come about because the
structure was not intended to fail in the loading expected, and no precise inspection
leading to (I close evaluation of strength was available.

SUBSEQUENT TESTING:
No data avai lab Ie.
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SUMMARY:
No structural damage occurred during Shot 9. Most data recorded for this shot was
from instrumentation on the ventilators.

The pressures produced by Shot 10 were twice the magnitude expected. Consequently
all of the ventilators failed in this shot except the rock grilles. A structural failure
occurred in the roof of one-half of the test shelter. The fai lure appeared to be pri­
mari Iy a shear failure. The roof in the other half af the test shelter showed no measur­
able permanent deformation.

OTHER REMARKS:
The resu Its of Shot 10 were of interest because of the structural fai lure which occurred
in the roof of the structure in one-half of the test shelter. The roof had been designed
for a pressure of 60 psi, with design values that corresponded to a faetor of safety of
about two. Since the actual pressures obtained were just about those which should
have caused failure in the structure, it is not surprising that such a failure was observed.
However, the conditions of failure were somewhat unusual in that only one roof element
fai led, apparently in shear, primari Iy; and the other showed no measurable permanent
deformation. It is not at all impossible, however, that there were differences in the
pressure lavels on the diffuent parts of the structure, which may have accounted for
these phenomena; or that because of construction details, the resistance of the two
roofs differed somewhat. This difference could easily have come about because the
structure was not intended to fail in the loading expected, and no precise inspection
leading to a c lose evaluation of strength was avai lable.

SUBSEQUENT TESTING:
No data available.
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OPERAT10 N: Upshot-K nothol e

PROJECT: 3.8

STRUCTURE IDENTIF ICATlON: 3.80, 3.8b, 3.8c

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS - Buried Steel
Beam Response Elements

REPORT REFERENCES:
WT -727
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJ ECT IVES:
To determine the nature of forces transmitted through earth to buried structures from the
explosion in air of an atomic bomb; and, to determine the variation of these forces with
the depth of transmission through earth and with the flexibility of the structural elements.

STRUCTURAL DESCRIPTION:
Three structures (3.80, 3.8L, und 3.8e) composed of concrete boxes with 8 feet long
simple supported steel beam strips as ;-oofs. The beam strips for each of the structures
included members of each of three different degrees of flexibility; earth cover was 1
foot, 4 feet, and 8 feet respectively.

STRUCTURAL DETAILS: (See Page 64)

SOIL CHARACTERISTICS:
Tan silt with a trace of clay from Frenchman's Flat; maximum dry density of 96.4 to
108.2 pef and moisture content of 17.2 to 23.5%; backfill compacted to 0'1 average
dry density of 99.4 pcf; unconfined compressive strength of 4.17 tsf.

PREVIOUS TESTING: None
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STRUCTURAL DETAILS:
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SHOT:

112"PL. X 20.25"
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1/211 PL. X 21.25"

IPBEAM

4 - 7 r 9.8

Name:
Type:
Yield:
Height of Burst:
Date:

Shot 9
"Encore"
Air
26.5 KT
2425 feet
8 May ]953

Shot ]0
"Grable"
Gun
14.9 KT
524 feet
25 May 1953

TEST LAYOUT: ( See Page 65)

None
Rise Time - essentially zero
Peak Overpressure - 15 psi
Duration - 700 msec

LOADING:
( Overpressures at ground surface)
Shot 9:

Precursor:
Main Pulse:

Shot 10:
Precursor: Rise Time - essentially zero

Overpressure - 16 psi
Duration - 50 to 60 msec



Main Pulse: Rise Time - 15 to 20 msec
Peak Overpressure - 63 psi
Duration - 150 msec

TEST LAYOUT:

3.80

3.8b

3.8c
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~

GZ SHOT IO~
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SUMMARY:
Each structure had beom strifJs designed such that some would respond elastically, some
plastically, and some wOU Id be in the intermediate range. However, overpressures pro­
duced by shots 9 and 10 were not large enough to produce stresses in the plastic range.
Beam strips were instrumented to measure earth pressures, transient strains, permanent
strains, transient deflections and permanent deflections. Since the recording devices
were located very close to ground zero, certain irregu larities existed in the transient
records. In spite of the above problems, valuable information was obtained showing
no effective attenuation of a pressure pulse applied at the surface with depth through the
subsoil when the pressure is transmitted to a structure in thesoil.

The analyses of the t~st data indicate the following conclusions:

1. In welJ-compaeted si Ity subsoi I of the type at the test site, there is no effective
attl~nuatjon of a pressure pulse applied at the surface with depth through the sub­
soil when the pressure is transmitted to a structure in the soil. The transient, as
well as the permanent strains and deformations of the beam strips, were of about
the same order of magnitude at all three depths and showed only a slight decrease
for the 8 feet depth compared with the others. This indicates that for deflections
of les5 than 0.5 percent of the span and for depths of cover less than the span length
the dynamic "arching ll phenomenon is negligible; and the beneficial effect of
added cover is primari Iy that due to the added mass of such a cover.

2. For underground structures havi ng a net density Ipss than that of the displaced soi I,
the overall accelerati ons of the structure act to reduce the influence of the pressures
applied to the top of the structure. However, this influence is not large, and may
be neglected in design.

3. The lateral pressures exerted on vertical faces of a buried structure, produced by
pressures applied at the top surface of the soi I, are of an order of magnitude of 15
percent of the vertical pressures on the surface for well compacted silty soils of
the type at the test site.

4. The pressures exerted upward on the base or floor slab of buried structures are
very nearly of the same magnitude as the downward pressures on the ground surface.

OTHER REMARKS: ( See Operation Plumbbob, Proiect 3.4 )

SUBSEQUENT TESTING:
Structural elements with certain modifications were included in the following proiects:

Operation Teapot, Projed 3.4 (WT-1127) (See text page 91.)
Operation Plumbbob, Project 3.4 (WT-1423) (See text page 132.)



OPERATION: Upshot-Knothole

PROJECT: 3.13

STRUCTURE IDENTIFICATION: 3.13a

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED CONCRETE - Semi-Buried
Precast Concrete Shelter ( Gable)

REPORT REFERENCES:
WT-729
Defence Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To evaluate the effectiveness of earth cover against air blas~ in protecting above ground
buildings; and to develop an analytical method for predicting their response.

STRUCTURAL DESCRIPTION:
The structure was a 100-person precast concr~~e shelter developed by the Bureau of
Yards and Docks. The inside plan dimensions were 22 feet by 48 feet, and the interior
was sub-divided into three main sections by two precast concrete partitions.

STRUCTURAL DETAILS: ( See Page 68)

SOIL CHARACTERISTICS:
No soil data given; but soil at Frenchman's Flat consists of silt with a trace of clay,
and has a maximum dry density of 96 to 108 pcf.

PREVIOUS TESTING:
A similar structure was tested in Operation Greenhouse, Project 3.2.40 (Reference
WT-23, WT-24, WT-9I, WT-117)
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SHOY:

Name:
Type:
Yield:
Height of Burst:
Date:
Range:

TEST LAYOUT:

LOADING:
Shot 9:

Shot 9
"Encore"
Air
26.5 KT
2425 feet
8 May 1953
2780 feet

3.130

Precursor:
Main Pulse:

None
Rise Time - essentially zero
Peak Overpressure - 10.8 psi
Duration - 700 msec

SUMMARY:
The response of the structure was completely elastic during Shot 9.

A simi lor structure 3. 13b was tested as an uncovered above ground structure in Shot
9. Neither 3. 13a or b was extensively damaged. Subsequently, the cover was re­
moved from 3.130 and both structures were tested as uncovered above ground struc­
tures in Shot 10.

The primary mode of deflcdion of 3.12':1, Shot 9, appeared to be crown down,
haunches out. Small cracks were observed in the end panels and the associated verti­
cal beams.

Tr(.;lsient measurements of pressure, deflection, strain, torque and shear were mode to
determine the loading and response of the structure.

SUBSEQUENT TESTING:
Operation Upshot-Knothole, Project 3 .13b - Same structure with earth cover re­
moved (WT -729 ).
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OPERAnON: Upshot-Knothole

PROJECT: 3.15

STRUCTURE IDENTIFICATION: 3.15

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL - Eart'l-Covered
Corrugated Steel Arch Shelter

REPORT REFERENCES:
WT-729
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchmon's Flat
Nevada Test Site

OBJECTIVES:
To evaluate tht: effectiveness of earth cover against air blast in protc~~ing above­
ground buildings and to develop on analytical method of predicting their response.

STRUCTURAL Dr:SCRIPTJON.
The structure was a 25 feet by 48 feet steel arch personnel shelter manufactured by the
Armco Drainage and Meta I Products, Inc. The barrel of the structure was an Armco
Multi-Plate arch compo!ied of 10 gage curved corrugated and punched sheets that were
bolted together to form a semi-circular arch roof, the edges of the arch being bolted
to a longitudinal base channel.

The end walls were constructed of 3 gage corrugated sections. Entrance to the shelter
was provided by a T-shaped, 84 inch, 10 gage Armco Multi -Plate pipe connected by
bolting to the end wall or bulkhead.

The foundation consisted of a 1 foot wide by 2 feet deep wall footing of reinforced
concrete. The shelter hod no floor slob.
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STRUCTURAL DETAILS:

PERSPECTIVE

_ GROUND ZERO

CROSS SECTION

SOIL CHARACTERISTICS:
No soil data given; but soil ot Frenchman's Flat consists of silt with a trace of c1aYt
and has 0 maximum dry density of 96 to 108 pef.

The earth fill was placed in 6 inch loyers and compacted with (I sheepsfaot roller.
Pneumatic tompers were used adiocent to the structure to (1 height of 8 feet above
grade.

PREVIOUS TESTING: None

SHOT:

Name:
Type:
Yield:
Height of Burst:
Date:
Range:

Shot 9
"Encore"
Air
26.5 KT
2425 feet
8 May 1953
2700 feet

Shot 10
"Grab Ie II

Gun
14.9 KT
524 teet
25 May 1953
2280 feet
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TEST LAYOUT:

LOADING:
Shot 9:

Precursor:
Main Pulse:

Shot 10:
Precursor:

Main Pulse:

None
Rise Time - essentially zero
Peak Overpressure - 10.8 psi
Duration - 700 msec

Rise Time - essentially zero
Overpressure - 4 psi
Duration - approximately 70 msec

Rise Time - 10 to 20 msec
Peak Overpressure - 8. 1 psi
Duration - 400 msec

SUMMARY:
Shot 9
Damage to the entrance door, entrance: bulkhead and failure of the bulkhead-to-tunnel
connection occurred. The only other visible damage to the structure was a crack in each
end wall foundation near the center line of the building. Evidence from deflection gages
indicates that the windward foundation dropped approximately 1.2 inches. Readings of per­
manent strain indicate minor connection slippage resulting in slight contraction of the arch.
T-shaped tunnels appear effective in eliminating reflected pressures on entrance doors.

Shot 10
little~tailed information is available due to the loss of deflection gages. However, the
available evidence indicates that there was one maior lurch of the building followed by a
rebound, after which the oscillations were trivial.

Instrumentation consisted of SR-4 strain gages connected with on oscillograph, BRL
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deflection gages, and scratch gages.

The steel in the arch barrel, with 3 feet of earth cover over the crown, remained
within the elastic range during both shots. The end wall which cO.itained no en­
trance tunnel sustained serious deflection and possibly represents the weakest com­
ponent of the structure.

OTHER REMARKS:
The structure, of flexible corrugated steel, responded in a manner whereby the
structure and supporting soil acted as a unit. Subsequent testing, as indi cated
below, further confirmed the importance of understanding the soi l-structure inter­
action. This steel arch bui Iding remained in operational condition, and, except
for the door frame in Shot 9, would have provided satisflJctory protection to personnel
during these two shots. See other remarks of Operation Teapot, Project 3.6;
Operation Plumbbob, Project 3.3; and Operation Hardtack, Project 3.2.

SUBSEQUE NT TESTING:
None for this structure. Similar structures were evaluated in ~he following projects:

Operation Teapot, Project 3.6 (WT-1128) (See text page 95)
Operation Plumbbob, Project 3.3 (WT-1422) (See text page 127)
Operation Hardtock, Project 3.2 ( ITR-1626-1 and 1626-2) (See text page 189)

73



OPERATION: Upshot-Knothole

PROJECT: 21.1

STRUCTURE IDENTIFICATION'
21.1a, 21.1b, 21.lc, 21.1d, 21.1e, 21.1f, 21.19, 21.1h

CROSS REFERENCE INDEX:
BURIED-CONCRETE - Reinforced Concrete Personnel Shelters

REPORT REFEnENCES:
WT-B01
Federal Civil Defense Administration
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
To check the adequacy of eight outdoor shelters against gamma-radiation penetration
and thermal and blast effects. Four indoor type shelters were also evaluated but are
not included here, because data is not applicable to underground structure tests.

STRUCTURAL DESCRIPTION:
One of the structures was a reinforced concrete basement exit with three feet of earth
fill over the shelter area. (21.1rJ)

Three of the structures were covered trench shelters constructed of concrete block with
a 4 1/2 inch r.OI1crete slab for a roof. The three structures were located at various dis­
tances from ground zero. Two of the she Iters had three feet of earth fi II for cover,
and the third was covered with four and one-half feet of earth Ell. (21. 1b, 21.1c,
and 2] . 1h )

A wood covered trench with three feet of earth fill for cover and concrete block walls
was used as one of the shelters. The shaft entrance to this shelter was not closed.
(21.1d)

One shelter consisted of a trench covered with a 4 1/2 inch concrete slab and three

71



feet of earth fj II cover. Concrete block was used, r:md the shaft entrance was closed.
(21.1e)

A basement exit, constpJcted of concrete block wa lis with a six inch reinforced con­
crete slob roof I was used with three feet of earth fi" for one of the shelters. ( 21. 1£ )

A concrete pipe with a closed shaft entrance and three feet of earth cover was used as
one of the shelters. ( 21 .lg )

STRUCTURAL DETAILS:
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SECTION A-A

21 .ld - Wood Covered Trench
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21.19 - Concrete Pipe With Closed Shaft Entrance

SOIL CHARACTERISTICS:
No soil data stated; however, backfill was typical of Yucca F!at at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clay and si It-sized particles,
to cobbles and boulders. The composition of this materiel is chiefly limestone and
volcanic tuff with smaller amounts of other volcanics, quartzite, conglomerate and
sandstone. The alluvium is poorly consolidated except where the partic les are cement­
ed by caliche or where beds of caliche exist, Density of the alluvium varies from 1.3
to 1.8 kilograms per IHer; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTING:
Similar structures were tested in Operation Buster-Jangle, Project 9.1a, at the Nevada
Test Site in Oc.iober and November 1951. See WT-359 for details. (See text page 35)
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SHOT:

Name:
Type:
Yield:
Height of Burst:
Date:

TEST LAYOUT:

Shot 1
"Annie"
Tower
16.4 KT
300 feet
17 March 1953

LOADING:

range overpressure
( feet) ( p$i )

21.1 a Reinforced Concrete Basement Exit 1230 23

21. Ib Covered Trench ( 4'-6" cover) 1450 15

21.1c Covered Trench ( 3'-0" cover) 1800 10

21.1 h Covered Trench ( 3'-0" cover) 3500 not avai lob Ie

21.1 d Wood Covered Trench 1800 10

21.1 e Covered Trench With Closed Shaft 1800 TO
Entrance

21.1f Block-Wall Basement Exit 1800 10

21. 19 Concrete Pipe With Closed Shaft 1800 10
Entrance
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SUMMARY:
The concrete roof slabs of the structures were designed to resist a dynamic :oad with the
maximum midspan deflection limited to 1/30 of the span. However 8 since no cracking
occurred it was assumed that deflections were in the elastic range. The roof joist on
the wood-covered trench suffered no damage, but faulty construction caused failure 0\
one wall. The overpressure was approximately half of the expected value.

OTHER REMARKS:
Test data is not sufficient to permit any valid conclusions on structural response to be
drawn. Only two shelters ( 21.1e, Covered Trench With Closed Shaft Entrance and
21 .lg, Concrete-Pipe With Closed Shoft Entrance) were designed to prevent blast
pressures from entering the shelter. The fact that the other structures were "open ll

and that no internal transiant pressure measurements were mode, limits the value of
information for structural dynamics correlation purposes.

NOTE:
The letters, a through h, used in this report to reference the individual shelters do not
occur in the original report. In the report the shelters were referenced by name only.
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OPERATION: Castle

PROJECT: Test Support Station

STRUCTURE IDENTIFICATION: Station 200

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS - Massive Reinforced Concrete Semi­
Buried Shelter

This is the same structure identified as Ivy 200; consequently, complete description
and other data is induded under Operation Ivy, Project 200. ( See text ~ge 44)
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OPERATION: Castle

PROJECT: Test Support Station

STRUCTURE IDENTIFICATION: Station 1810.05

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS - Maisive Reinforced Concrete Semi­
Burie:! Shelter

This is the same structure identified as t....y 520, consequently complete description ond
other data is included under Operation Ivy, Project 520. (See text page 55)
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OPERATION: Teapot

PROJECT: 3.3.1

STRUCTURE IDENTIFICATION: 3.3.1

CROSS REFERENCE INDEX:
lOADING-RESPONSE EXPERIMENTAL SYSTEMS - Buried Flexible
Measuring Devices

REPORT R::FERENCES:
"'/T-1 P5
D.,fens8 Atomic Support Agency
Washington 25, D. C.

LOCATION: Area T-100, Yucca Flat
Nevada Test Site

OBJECTIVES:
To determine the influence of certain parameters on the normal (perpendicular) loads
generated against a structure by earth-propagated pulses resulting from underground
explosions.

STRUCTURAL DESCRIPTION:
Fifteen flexible measuring devices consisting of a forward mass, 30 inches square,
connected by tnrqtle tubes to a re loti vc Iy heavy reaf supporting moss wp.re placed in
the earth so that the forward mass was normal to the earth propagated pulses.

STRUCTURAL DETAILS: (See Page 85)

SOIL CHARACTERISTICS:
Great care was taken during the back filling operation il"! the field to try to restore
the earth to its undisturbed condition. In backfilling, the soil was tamped to 90 per­
cent optimum density between the devices and the undisturbed soii on the sides, front,
and back, which was about 2 feet all around. Wood, concrete, and vegetable matter
were screened from the soi I and precautions were token by constant s'Jpervision in bock­
fi /ling to See that no dust or rocks were able to jam the devi ces.



STRUCTURAL DETAilS:
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PREVIOUS TESTING: None

SHOT:
Shot 7

ESS
Underground
1•J KT
67 feet
23 March J955

Name;
Type:
Yield:
Depth of Burst:
Date:

TEST LAYOUT:
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300' TO REFERENCE POINT-
WELL COMPACTED

-~
6 . ___

SECTION A-A

oEVICE-.-/

EARTH AROUND DEVICE
WAS HAND TAMPED TO

90% OPTIMUM DEt:SITY

LOADING:
Shot 7:

Peak pressure:

Duration:

Voried from 102 psi to 5.3 psi as recorded by pressure gages
mounted on the front of the 15 flexib Ie devices
Vari ed from 685 r,lsec. to 400 msec.

SUMMARY:
Conclusions drawn were that the wide variation in peak gage pressures, at comparable
distances, seems to indicate a considerable variation in the physical phenomenon be­
tween points, even when the points are relatively close together. This seems to be
supported hi all pressure data obtained from the shbt fired for this experiment as well
as pressure data obtained from all previous shots, regardless of type. Consequently,
it is concluded that on individual measurement on a small portion of any area probably
will not give proper loading functions for that area.

SUBSEQUENT TEST ING: None
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OPERATION: Teapot

PROJECT: 3.3.2

STRUCTURE IDENTIFICATION: 3.3.2

CROSS REFERENCE INDEX:
MISCELLANEOUS STRUCTURES - Buried Reinforced Concrete Box
(Open Top)

REPORT REFERENCES:
WT -11 26
Defel1se Atomic Support Agency
Washington 25, D.C.

LOCATION: Area T-lOa, Yucca Flat
Nevada Test Site

OBJECTIVES:
( 1) To ob~ain data on the effect of a large-scale underground explosion of a nuclear
device on buried structures; (2) to use these data to develop design criteria for under­
ground structures; and (3) to correlate the results with previous test resufts obtained
both with relatively small hign-explosive char2es ( primarily at Dugway, Utah) and
with results obtained from the Jangle underground atomic shot.

STRUCTURAL DESCRIPTION:
The two boxes were a modified version of the 0.5-scale Type A box tested at Dugway,
Utah, and were located at horizontal distances of 200 to 250 feet from ground zero.
The near box was designated 3.3.2 01; and the for box, 3.3.2 a2. Each box consisted
of four vertical, reinforced concrete walls, without roof or floor; and was cast in place
in an open cut and was backfilled subsequently so that its top was 3 feet 9 inches below
the original grO'Jnd level.

The outsi de di mensi ons of the boxes were 12 feet 6 inc hes square by 8 feet 10 inches
high. The front and rear walls Wf.:re 24 inches thick, while the side walls were 12 1/2
inches thick. The walls were reinforced with both tension and compression steel. For
the main steel in the front and rear wails, the ratio of the area of the steel to the area
of the concrete was 0.6 percent for both tension and compression reinforcen1'~nt.
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STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:
The excavation for these stnJctures was made in a manner that the soi I around the struc­
tures would be disturbed a minimum amount. That is, the cut was made as small as
possible; and it had nearly vertical sides. The base of each structure was placed on
u"ldisturbed soi I.

The excavated material was used in the backfi II .
placed in the cut in approximate Iy 6 inch layers.
to compact each layer.

This material was dampened and was
Hand pneumatic tampers were useo

No rigid controls were used in placing the backfill, because it is believed that the
heterogeneous character of the soi I did not warrant it. The soi I is naturally hetero­
geneous, and this condition was compounded by exc,;avotion and construction performed
duri ng Operati on Jangle.

Despite the lock of rigid control, it generally is believed that the density of the back­
fill was l"'onsiderably greater than the density of the surrounding soil. During the post­
test surveys, it was intended that standard penetration tests be mode iii the backfill
and in the surroonding soi I to determine relative densities. However, it was impossible
to make these tests because of the rocky nature of the soi I and its degree of compacti on.

PREVIOUS TESTING: None
However, related structures were included in Operation Buster-JC", I,!, Project 3.2
( WT-387) (See text page 16)

SHOr:

TEST LAYOUT:

Name:
Type:
Yield:
Depth of Burst:
Date:

Shot 7
ESS
Underground
1.1 KT
67 feet
23 March 1955

_t:e__~~OJECT 1.6 LINE - 5 38
0

E

IGZ

• RA.O\\JS~
~e--- \

~"-2
_____ . I A_~~UC'

I
I
i

-~ J
)
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LOADING:

Structure Acceleration

Structure Acceleration

Structure Pressure Gage

location

3.3.2 al Front Wall
Rear Wall
Side Wall

3.3.2 a2 Front Wa!!
R(~ar Wall
Side Wall

3.3.201 Front Wall
Rear Wall

3.3.202 Front Wall
Front Wall
Rear Wall
Side Wall

measured preclidt:d
peak peak units

4.30 190 9
6.40 95 g
7.2b 11.5 g

1.70 60 9
3.30 30 g
1.~ 2.5 9

33.0 510 psi
42.0 250 psi
53.0 165 psi
50.0 165 psi
30.0 ao psi
18.0 55 psi

a The electronic record had a very small amplitude trace. Because of this, the values
are not reliable.

b Aceeleraticln is radial from ground zero.

SUMMARY:
The crater formed by the explosion was unexpectedly small, being 146 feet in radius, :>0

that the two str·)etures were approximately 50 and 100 feet from the edge of the crater.
The pressure measured ?n the front wall of the structure at the 200 foot range waS approx­
imately one-fourth of the stress of 125 psi in the medium; while the pressure meusured on
the frent wall of the structure at the 250 foot range was slightly greater than the medium
stress of 41.5 psi. The structures responded primarily as rigid bodies ond followed the
sai I motion; consequently there was no structural damage. The permanent movements
of the boxes were 3. B feet and 0.5 foot, horizontally, away from the point of bUI st.

It is concluded that buried structures of the type tested are difficult to damage structurally,
unless located within or close to the edge of the crater and that, for structures outside of
the crater, problems created by large earth movements and throwout might be critical for
structures relatively close to the edge of the crater.

SUBSEQUENT TESTING: NOrle
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OPERATION: Teapot

PROJECT: 3.4

STRUCTURE IDENTIFICATION: 3.4 a, 3.4 b, 3.4 c

CROSS REFERENCE INDEX:
LOADING RESPONSE EXPERIMENTAL SYSTEMS - Buried Steel
Beam Response Elements

REPORT REFERENCES:
WT -1127
Defense Atomic Support Agency
Woshington 25, D.C.

LOCATION: Frenchman's Flat
Ne'lada Test Site

OBJECTIVES:
To determine the nature of forces transmitted through earth to buried structures from the
explosion in air of an atomic bombi and to determine the variation of these forces with
the depth of transmission through earth and with the flexibi lity of the structural elements
subjected to these forces.

STRUCTURAL DESCRIPTION:
Three structures ( 3.4 a, 3.4 b, wid 3.4 c } composed of concrete boxes with 8 feet
long simply supported steel beam strips as roofs ( the beam strips for each of the structures
include members of each of three different degrees of flexibility); the earth cover was
J foot, 4 feet, and 8 feet, respectively. Three of the plastic or lip Beams" in each of
the structures were altered from those tested in Operation Upshot-Knothole as shown in
Strueturo I Detoi Is.

STRUCTURAL DETAILS: ( See Page 92 )

SOIL CHARACTERISTICS:
Tan silt with 0 trace of cloy. In its natural stote the soil is very friable. It is hori­
zontally stratified, has vertical joints which are loco I zones of weakness, and contai ns
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many void5. Limitp.d tests of the undisturbed soil in this area, prior to the Upshot­
Knothole tests, gave values of 86.6 pcf for the dry density, 10.6 percent for the water
content, and 95.5 pef for the wet density. The unconfined compressive strength deter­
mined on three samples go·re results of 1 .1, 2.1 and 4.3 tons per square feet.

8'-0"

1'-10" 6" 1'-0" 6" 2'_2" 2'-0"

I
t;

~
~--.., .r--"I to'

"' II ,,::' c., I

i' II "' I, II

II' , I III: I: ,I II II
U U U U U

TYPICAL ELEVATION

I - 23 1/4 II: 1/2 PI.
2- I~ I 50

~._-~.~ .Nl
E BEAM

I - 21 1/4 It 1/2 PI.
4 - 7 c: 9.8

P BEAM

SECTIONS

I - 20 1/4 ]I 1/2 PI.
2 - B I 23N.AII 1":~c .-.

M BEAM

I - 21 1/4 It 1/2 PI.
4-7C 9.8

MODIFIED P BEAM
( I 1/2" REMOVED FOR "
EACH SIDE OF CENTERLINE)

PREVIOUS TESTING: Operation Upshot-Knothole, Project 3.8 ( WT -727 )(pp 63)
In Upshot-Knothole, the structures were tested in two shots, the first producing an over­
pressure level on the ground surface of about 15 psi i and the second, about 63 psi. In
the first test, no damage or permanent deformation was expected or observed. In the
~econd shot I the pressures were of about the order of magnitude expected in the design;
and only small permanent deflections were obtai!1ed. One of the main reasons that only
small deflections were obtained was that one set of beam strips ( the "plastic" beams
intended to be considerably weaker than the others) were fabricated from steel having
a considerably higher yield point than was originally desired> Therefore only two
different yield strengths existed rather thun the three that had been plannt::J
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SHOT:

Name:
Type:
Yield:
Height of Burst:
Dote:

TEST LAYOUT:

Shot 12
MET
Tower
22 KT
400 feet
15 May 1955

3.40

3.4b

3.4c

I.
f-----.

-{--.. BLAST LINE

SITE PLAN

900' RADIUS

ASSUMED
NORTH

~
I
•

GZ-----......

T 3.4c

ELEVATION a-a

ELEVATION A-A

LOADING:
Shot 12:

Precursor:

Main Pulse:

Rise Time - essentially zero
Overpressure - 52 psi
Duration - 30 rfIsec

Rise Time - 20 msec
Peak Overpressure - 90 psi
Duration - 90 to 100 msec
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SUMMARY:
Each structure had beam ~trips designed so that some would respond elastically, some
plastically, and some would be in the intermediate range. Beam strips were instrumented
to measure transient deflections, accelerations, and beam strip reactions. Permaner:~

strains, peak transient strains, and permanent deflections were olso measured on the
beam strips. Transient air pressures were measured at the ground surface. Results ob­
tained indicate that the design of roofs for shallowly buried shelters should be based
on the overpressures at the ground surface when the depth of cover is no greater than the
roof span or when the structure is capable of moving with the surrounding media.

OTHER REMARKS:
The analysis of the test data showed that, with respect to their behavior, the beams
could be divided into h.'o general groups. The response of all of the beams tested in
Upshot-Knothole, the beams in the shallowest structure, and all of the elastic beams
tested in Teapot indicated that there was no attenuati on of pressure with depth. The
soi I cover only added to the mass of these beam strips. The other group of beams in­
cludes the more flexible plastic c.,d intermedia~e beams tested in Teapot which were
buried at a depth of cover greater than one-half the span of the beams. The backfi II
over these beams was not disturbed over a two-year period so that it haJ become well
consolidated. The response of these beams was very close to or slightly less than the
deflection corresponding to a static loading equal to the surface overpressures.
( See Other Remarks - Operation Plumbbob, Project 3.4)

SUBSEQUENT TESTING: Operation Plumbbob, Proieet 3.4 ( WT -1423) (See text
poge 132)
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OPERATlON~

PROJECT:

Teapot

3.6

STRUCTURE IDENTIFICATION: 3.6

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI -BURIED STEEL - Eortn-Covered
Corrugated Steel Arch Shelter

REPORT REFERENCES:
WT -1128
Defense Atomic Support Agency
Washi ngton 25, D. C.

LOCATION: Frenchman's flat
Nevada Test Site

OBJECTIVES:
To determi ne the degree of protecti on that earth cover offers to aboveground dructures;
and, particularly, to test the adequacy of an adafJtotion of a corrugated steel arch
ammljnition magazine, similar to Upshot-Knothole Building 3.15, as a personnel shelter
were the primary objectives of Project 3 6 of Operation Teapot. Both the blast resist­
ance and the radiation resistance of such structures were objectives of the test Because
the structure;ested on Operation Upshot-Knothole sL'stained no significant damage, it
was an objective of the Teapot test to produce at least irlcipient collapse so that the
capabi Iities of this design would be brocketed. The long-range obicsti ves were to
extend the knowledge of the benefits of earth cover in protectins aboveground structures
and to obtain further insight into the mechanism oT these benefits toward the optimur:.
design of aboveground shelters.

A further supplementary objective was to compare the performance of models with that
of full-scale structures, in order to ~ermit more economical design of future tests.

STRUCTURAL DESCRIPTION:
Structure 3.6 was a 25 feet by 48 feet 5teel arch manufactured by Armco Drainage and
Metal Products.
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Structure Upshot-Knothole 3.15 was a 25 feet by 48 feet steel arch manufactured by
Armco Drainage and Meta I Products. It was different from Structure 3.6 in its details.

Models No.1 through No.3 were corrugated steel, 1/4 scale models.

Models No.4 through No.6 were corrugated aluminum, 1/4 scale models.

STRUCTURAL DETAilS:
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Structure 3.6:
Dimensions - 25 feet by 48 feet
Steel Plates - 8 gage multiplate
Corrugation - nominal 1 3/4 inch by 6 inches
Foundation - 1 foot wide, 2 feet deep
Diameter of Arch - 25 feet
Diameter of Entrance Tunnel - 84 inches
Total Weight of Structure - 22, 000 pounds

StructlJre Upshot-Knothole 3, 15:
Dimensions - 25 feet by 48 feet
Steel Plates - 10 gage multiplate
Corrugation - 2 inches by 6 inc.hes
Foundation - I foot wide, 2 feet deep
Diameter of Arch - 25 feet
Diameter of Entrance Tunnel - 84 inches

Models:
Dimensions - l/4size ofstrueture 3.6
Stee I - 3 models were steel
AIl!minum - 3 models were aluminum
Corrugation - 2 5 inches by 0.5 inches

SOIL CHARACTERISTICS:
Brown sand, well-praded from very fine to very coarse; randufJ' STones to 5 inches in
diameter.

PREVIOUS TESTI NG:
Structure Upshot-Knothde 3.15 waS previol,;sly tested in Operation Upshot-Knothole j

Project 3.15 (WT-729). As damage hod been small, this structure was avoi lable for
retesting during Operation Teapot. (See text page 70)
SHOT: Shot 12

Name: MET
Type: Tower
Yield: 22.0 KT
Height of Burst: 400 feet
Date: 15 Apri I 1955

TEST LAYOUT:
range from G Z ( feet)

1,500
2,300
1,400
1,500
2,000
2,000
2,500
3,000

3.6
3. 15 ( Upshot-Knothole)
Modell
Model 2
Model 3
Model 4
ModelS
Model 6

structure
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LOADING:
( OverprpsslIrE' ot arol.Jnd surface )

peak
structure overpressure

( psi)

dynamic
overpressure

( psi )

3.6
3.15
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6

30
11
35
30
19
19
9
8

170
30

200
180
64
64
14

2

SUMMARY:
The dynamic pressures produced by Shot 12 at the close-in ranges of most interest to
Project 3.6 were considerably larger than had been predicted. The main structure
of Project 3.6 was collapsed by these forces, but there is support for the belief that it
wo'"' Id have withstood the predicted va lues successfu lly 0

The performance of the models was in accord with predictions. Of the three steel models
which were intended to collapse at the same values of applied external pressure as Struc­
ture 3.6/ the two at 1,400 feet and 1/500 feet / which received pressures similar ta or
larger than those applied to Structure 3.6/ collapsed.. The one at 2,000 feet, which
received roughly one third the pressure applied to Structure 3.6/ remained standing.
Of the three aluminum models which were expected to fail under pressures roughly
one quarter of those which would produce failure in the main building, the one at 2/000
feet did fail. The pressure ot the structure was roughly twice that expected to produce
fai lure. Those at 2,500 feet and 3, 000 feet, where the maximum pressures were less
than onE:: quarter those applied to Structure 3.6. experienced trivial deflectiom.

Structure Upshot-Knothole 3.15 withstood forces of 15 percent of those appl ied to
Structure 3.6, with trivial deflections.

OTH!:R REMARKS:
The drag sensitivity of the earth configuration obviously caused collapse of the Teapot
structure.

SUBSEQUENT TESTING: None
Structures which were similar, but with different earth configurations, were tested in
Operoti on Plumbbob, Project 3.3 ( WT -1422 ) and Operation Hardtack, Project 3.2
( ITR-1626). (See text pages 127 and 189)
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OPERATION: Teapot

PROJcCi: 34.3

STRUCTURE IDENTIFICATION: 34.301,34.302, 34.3bl, 34.3b2

CROSS REFERENCE INDEX:
BURIED CONCRETE - Reinforced Concrete Personnel Shelters

REPORT REFERENCES:
WT - J161 , WT -121 8
Civi I Effects Test Group Report

LOCATION: Areas T-I and T-4, Yucca Flat
Nevada Test Site

OBJECTIVES:
To evaluate shelter designs proposed by the Federal Civi I Defense Administrati on
(FCDA) for protection against Ill.clear and thermal radiation and blast effects.

STRUCTURAL DESCRIPTION:
Fifty person thelters for industrial and civic LJse. Four reinforced concrete bwried
structures wen~ tested.

Two were built for "Apple I" shot and two for "Apple /I" shot. One of each pair was
modified by a reinforced-concrete parti~ion dividing the shelter into two chambers,
each 12 feet by 12 feet by 8 feet. These were tested with doors and escape hatches
open, but partially obstructed, (hatches had an air inlet, 19 inch'3S in diameter for
"Apple I"; 36 inches in diameter for "Apple /I" ) to meter air into the <:hambers at a
rate satisfactory to the requirements of the bi omedical program ( Program .'33 ). The
room into whi ch the escape hatch entered was referred to as the "s low-fi /I" room;
and the other, as the "fast-fi II" room. Three shelters were oriented with the entrance
toward ground zero on~ the fourth ( Stati on 34.3 02 ) was rotated 900 counterc lockwise.
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STRUCTURAL DETAILS:
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Structure 34.3 bl and 34.3 b2
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SOIL CHARACTERISTICS:
No soil data stated; however/ the backfill was typical ot Yucca Fla~ at the Nevada
Test Site. The alluvium in Yucca Flat vories in character from cloy and si It-sized
particles/ to cobbles and boulders. The composition of this material is chiefly lime­
stone and volcanic tuff with small amounts of other volcanics, qlJortzite/ conglomerate
and sandstone. The alluvium is poorly consolidated except where the particles ore
cemented by caliche or where beds of caliche exist. Density of the alluvium varies
from 1.3 to 1.8 ki logroms pt>r liter; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTING: None

SHOT:
Nome:
Type:
Yield:
Height of Burst:
Date:

"Apple I"
Tower
14,2 KT
500 feet
29 MC!rc.:l 19J.~

"Apple II"
Tower
28.5 KY
500 f~et

5 M'.'\f 1955

TEST LAYOUT:
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LOADING:
( Overpressure ot earth ~urface )

structure Shot "Apple I" Shot "Apple fI"

34.3 01
34.3 b1
34.3 a2
34.4 b2

47 psi
47 psi

91.9 psi
91.9 psi

SUMMARY:
Shot "Apple I" (Structures 34.3 al and 34.3 b1 h
Neither shelter suffered any visible damage. Appreciable dirt and missi les littered the
stuir wells. There was c seporati on between the grout under the stee I plates that served
as supports for a concrete sliding door and the walls of the stair well of the structural
shelter.

The concrete sliding door was used only on the structural shelter ( 34.3 01 ) and showed
no evidence of damage. The bars that served to lock the door against an upward motion
caused by negative pressures showed no distortion. The rubber mat between the door
and the stC!i r well blew onto the steps. The Navy type door and escape hatch in the
$tructural shelter were undamaged.

In the biomedical shelter (34.3 b1 i, however, differential pressure between the fast­
fill and slow-fill rooms was enough to distort the ::t~el angle attaching the door frame
to the 1 foot concrete portition wall. Horizontal stiffeners prevented any significant
horizontal distortion of the door; but considerable vertica I distorti on resu Ited from dis­
placement of the door frame.

Blast force distorted the vents, leaving them bent away from ground zero at an angle
of 300

•

Shot "Apple II" (Structures 34.3 02 and 34.3 b2 ):
Agai n, nei ther she Iter suffered structure I damage at the peak inci dent pressure of 92 psi,
but dirt and missiles littered the stair wells. The blast tore off the vent tee at the junc­
ti on of the tee and the vertica' pipe.

Station 34.3 02: The Army Chemical Corps ventilation equi?ment suffered no discernible
damage. The failure of one of the rebound bolts from shearing of the thread inc!icates
that these bolts were loaded to the limit of their capacity at the test pres~ure. An in­
crease in bolt diameter, ana therefore threo~ capacity, would sl.pply a reserve stren:;th
to the rebound connect; on.

Two wheels of 'he sliding door were destroyed by missiles, and the rubber:ioor bumper
blew into the stair ·...'ell. Destruction of the wheels can be preventea by wi(:ening rhe
door slab to provide a protective lip for the wheels. Despite the loss of the wheels,
the door ,=ould hove been jacked open from the i"side. The retaining wall arounc the
concrete door Vias damased.

i04



Station 34.3 b2: Because of the larger opening (36 inches instead of 19 inches) in
the slow-fill escape hatch, the peak unbalanced pressure between the rooms in the
biomedical shelter was proportionately less than in the "Apple I" shelter, and the
reinforced door frames in the partition wall sustained no plastic deformation From
this unbalanced pressure.

Based on free-soil accelerafions in earlier tests, a maximum veeticcl acceleration of
25 g had been expected, but the measured vertical acceleration had a maximum posi­
tive (downward) acce leration of only 3.7 g.

SUBSEQUENT TESTING: None
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OPERATION: Redwing

PROJECT~ Test Support Station

STRUCTURE rDENTIFICAnON: Station 1311 .04

CROSS REFERENCE INDEX:
iEST SUPPORT STAnONS - Massive Reinforced Concrf!te
Semi -Buried She Iter

REPORT REFERENCES:
WT -1631
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yvonne (Runit )
Eniwetok Proving Grounds

OBJECTIVES: ( Non-experimental structure)
Structure used for test support purposes, thus only visual post shot ir:spections were
made.

STRUCTURAL DESCRlPTfON:
A massive reinforced concrete detector station mounded with 5 feet of earth cover.

STRUCTURAL DETAllS~ (See Page In? )

SO IL CHARACTER ISTreS:
Coral sand. Fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT~
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Name:
Type:
Yield:
Height of Burs::
Date:

II laC rosse II

Surface
39 KT
Surface
4 May 1956



STRUCTURAL DETAILS:
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TEST LAYOUT: Not available

LOADING:
Peak Overpressure - 1, 100 psi

SUMMARY:
Eorth cover blown away; no damage.

SUBSE:QUENT TESTING: None
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OPERATION: Redwing

PI\OJECT: Test Support Station

STRUCTURE IDENTIFICATION: Station 1611

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS - Massive Reinforced Concrete Semi­
Buried Shelter

This is the same structure identified as Ivy 200; consequently, comnlete description
and other data is included under Operation Ivy, Project 200. (See text page JlA)
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OPERATION:

PROJECT:

Plumbbob

1.7

STRUCTURE IDENTIFICATION: 1.7

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS - Buried Response
Cylinders (Drums with Flexible Diaphragms)

REPORT REFERENCES:
ITR-1406
Defense Atomic Support Agency
Washi ngton 25, D. C •

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To study the fact ors affect i ng the transmissi on of a ir-b last-i nduced pressures in soi I and
t he Ioadi ngs produced on buri ed structures by pressures in the 50 to 300 psi regi on.
Specifically, to study, extensively, ( 1) the attenuation of pressure in a sand deposit
when the water table is a few feet below the ground surface; (2) the effect of duration
of positive phase of blast on the pressure transmitted through such a soi I; (3) the effect
of structure flexibility on the pressure acting on structures buried in such a soil; and
( 4) the relotionship between horizontal and vertical pressures in such a soil.

STRUCTURAL DESCRIPTION:
Sixty-eight devices composed of rigid cylinders ( drums) with deformable diaphragm
ends of five different thicknesses. These were buried at depths ranging from zero to
twenty feet. Thirty-eight were placed at the 100 psi locati on, fi fteen at 320 psi I and
fifteen at the 50 psi Ie.,..t;ation. Most of the drums hod a vertical orientation, but a few
had other orientations. The double ended drums were two feet in diameter and two feet
in length.
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STRUCTURAL DETAILS:
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SOl L CHARACTER ISTlCS:
The soil of Frenchman's Flat is a tan silt with a trace of clay which, in its natural state,
is very friable. The natura I soi I has a well-developed system of both horizontal and
vertical joints. When water is added to the backfi II material, a considerable amount
of mixing is required to obtain a uniform moisture content.

The soils specifications were drawn up so that the modulus of deformation of the com­
pacted backfi II would approximate, as closely as possible, that of the natural soil in
place. To accomplish this, the water content specified was 3 per cent dry of optimum
and 100 per cent compaction.

PREVIOUS TESTING:

SHOT:

None

Name:
Type:
Yield:
Height of Burst:
Date:

"Priscilla ll

Balloon
36.6 KT
700 feet
24 June 1957

TEST LAYOur:

LOADING:

(See text pages 113, 114, 113)

distance from
GZ (feet)

peak surface
overpressure (psi)

Near Location
Intermediate Location
Far Location

750
1040
1360

320
100
50

SUMMARY:
For a silty soil such as that found at Frenchman's Flat, there is considerable attenuation
with depth of an air-induced ground-transmitted pressure. The amount of this attenua­
tion is approximately 20 per cent at 5 feet, 40 per cent at 10 feet and 70 per cent at
20 feet. There is no large variation of this with surface peak overpressure in the range
of from 50 to 250 psi.

When the compressibility of a structure is greater than that of the soil it replaces, the
pressure on- the structure is considerably less than that in the soil surrounding the struc­
ture. Th is decrease cen amount to at Ieast .50 per cent. Most of this decrease is
developed in a depth of burial equal to one-half of the span of the structure.

On the basis of limited data, the pressure on vertical faces of flexible structures varies
fron. 0.25 to 0.53 of the pressure on the horizontal faces.
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It is recommended that, since the simple theory used gives reasonable results, further
analytical studies be made to el iminote sc. )f the approximations gnd extend the theory
to include actual structural configurations.

SUBSEQUENT TESTING:
Operation Hardtack, Pioject I. 9 (WT 1614) (See text page 189)
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OPERATION:

PROJECT:

Plumbbob

3. )

STRUCTURE IDENTIFICATION: 3.10, 3.lb, 3.lc, 3.ln

CROSS REFERENCE INDEX:
BURIED CONCRETE -~ Reinforced Concrete Arch Structures

REPORT REFERENCES:
WT-1420
Defense Atomic Support Agency
Washi ngton 25, D. C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To determine the suitability of underground concrete arches for use as protective shelters,
as well as their resistance in the high overpressure ranges ( 50 to 200 psi) from a kiloton­
range air burst.

Specifically to: (1) compare the response of four underground concrete-arch structures
when subjected to controlled loading, ranging from design load through fai lure load;
(2' determine the load distribution on a buried arch due to a nuclear blast; (3) gain
a better understanding of the basic response of that portion of the arch element which is
in no way affected by restrai nt or support from the end wa lis; (4) determi ne to what
extent the end walls of an underground arch affect its response; (5) study the interaction
of the soil and the structure in order to establish on idealized soi l-structure system that
can be adapted to analytical treatment; (6) determine the amount of protedion from
rodiotion provided by the structurej and (7) gain information of direct use in establish­
ing design criteria for a prototype cast-in-place concrete personnel shelter.

STI{UCTURAL DESCRIPTION:
Four reinforced concrete arch structures, all placed underground with the top of the
crown 4 feet below the ground surface. The four arches were semicircular in cross
section, with an inside radius of 8 feet and a thickness of 8 inches. Three of the
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structures were 20 feet loog, while the fourth was 32 feet long. The 32 foot long struc­
ture was included to assure an unrestrained sad ion of arch essentially free of end-wail
effects, so that it could be determined how for and to what extent end walls affect arch
action.

STRUCTURAL DETAILS:
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SECTION B-R

SOIL CHARACTERISTICS:
Clayey silt with uniform appearance and texture, with the following characteri$tics:

average water average dry
content ( pet) density ( pef )

Undistu,bed Notural Soi:

Recommanded for Backfi II

Control Tests during Backfill·

Preshot, 4 feet be low
Surface of Backfi II

Postshot , 4 feet below
Surface of Backfi II

* Average of 40 samples pp.r structure

PREVIOUS TESTING: None

SHOT:

12.8

21.5

20.7

19.2

18.5

79.0

97.1

96.7

99.9

99.2

Name:
Type:
Yield:
Height of Burst:
Date:

TEST LAYOUT~ (See Page 11 )

"Priscilla ll

Balloon
36.6 KT
700 feet
24 June 1957

LOADING:. Peak Air Overpressure ot Ground Surface

.,~
110

3.1 c
3.1b
3.1 n

199 psi
124 psi
56 psi



TEST LAYOUT:
N

PLOT PLAN

ACTUAL
PEAK OVERPRES3URE~

PREDICTED ""'"
PEAK OVERPRESSURE ,. _

......",' f ;:;__ CL

.,....... 8 Cft
N!!....

1560'

PREDICTED 39.e KT_l
( ACTUA L) 58.8 KT \J1

3.10 a 3.1n 3.lc

1040'

860'

OROUND SURFACE

ELEVATION

SUMMARY:
The four structures suffered only minor damage, all remaining structurally serviceable.
The structure at the 199 psi pressure level exhibited obvious cracking of tht! floor slab
and minor tension cracking of the arch introdos. Conclusions reached include:

The 3 . I-type structure proved to be an adequate shelter for resisting air overpressure
of up to 200 psi; thereby showing that an underground reinforced-concrete arch is on
excellent type structure for use in providing protection against nuclear-blost effects.
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A reasonable design method for underground arches cannot be developed unt-il more is
known about the dynamic properties of soi l-structure combinations. These structures
were designed assuming uniform symmetrical loading. In this case it was observed
that the earth pressure distribution around the relatively stiff arches was non-uniform
and slightly asymmetric, thus causing the arch to undergo appreciable bending.
The transient earth pressures exerted on structures of this type were greater at some
points than the ground-surface air overpressure. This seems to be due to a combina­
tion of reflected and passive earth pressures.

The horizontal earth pressure resulting from ground-surface air overpressure is
apparently greater than had been previously anticipated.

Displacements of the 3.1 structures as a whole, as well as the relative deflection of
the crown, were mi nor, and directly proportional to the overpressure. During transient
loading, a nearby test structure buried at the same depth, moved at approximately the
same rote and magnitude as the free-field surraunding soil.

The end walls affect a:-ch action for a distance of about 1 1/2 times the arch radius.

Strain gage measurement of the test structure at the 56 psi level yielded valuable
information for determining moments and thrusts in the arch. Plane sections before
loading remained plane during loading. The vertical reactions at the springing line
were approximate Iy equal to the ground-surface air overpressure times the horizontal
projection af the arch structure. The largest moments and thrusts occurred near the
springing line, and this would be the probable location of any failure.

OTHER REMA~r(S:

It should be noted that a better understanding of soil-structu:e interaction is needed
not only for flexible metal structures, but also for the concrete arch structures des­
cribed above. Conventional methods of analysis tend to be particularly conservative;
hence, future efforts should be directed to loading response studies of this type when
subjected to long duration overpressures.

SUBSEQUENT TESTING:
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OPERATION:

PROJECT:

Plumbbob

3.2

STRUCTURE IDENTIFICATION:
3.20, 3.2b, 3.2c, 3,2d, 3.2e, 3.2f, 3.29, 3.2h, 3.2i, 3.2k, 3.21,
3.2m

CROSS REFERENCE INDEX:
BUR lED CONCRETE - Precast Concrete Pipe Secti ons ( 3. 2e, 3. 2j,
3 .~I )
BURIED STEEL - Corrugated Steel Pipe Sections ( 3.2d, 3. 2h )
(Cattlepass Sections - 3.20, 3.2b, 3.2c, 3.2f, 3.29, 3.2k, 3.2m )

REPORT REFERENCES:
WT -1421
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman1s Flot
Nevada Test Site

OBJECTIVES:
To obtair. the necessary information from whi ch to deve lop criteria for the economical
and practi col selection of standard, commercially avai loble conduit sections for use os
shelters to protect personnel from the effects of air blost and nucleor radiation was the
general purpose of this project.

The specifi c objectives were: (1) to make an empirical determination of the degree of
protection to personnel afforded by steel and concrete conduits at various depths of
hurinl, when loaded in the high pressure region; (2) to assure that Department of De­
tense (DOD) Classes I and" protection ( 100 psi and 50 psi, respectively) are afforded
by the use of buried conduits of various configurations.

STRUCTURAL DESCRIPTION:
Twelve commercial conduits were buried ot depths ·,tarying from five feet to ten feet.
Seven of the condui ts were of the 10 gage corrugated stee I cattlepass typej two

121



conduits were 10 gage, 8'-0" diameter circular corrugated steel. The remaining three
conduits were 81-0" diameter circular precast concrete pipe, 9" wall thickness, rein­
forced only circumterentially with 2 lines totaling 0.57 square inches per linear foot.

STRUCTURAL DETAILS:

WOOD
LADDER

2'-6" Dram.
TRUNK
(8 Gagl)

Note:
Entrance arrangements
..,lnd bulkheads typical
for concrete and circular
steel sections.

VARIES

SANDBAGS

5'-0" Oiam. (8 Go I)

:r(t)
~\.IJ
0.-
l&JQ::
c~

/
/

kNATURAL
/ SOIL

FILL

201-0"

..
~+--METJ,L CATTLE PASS

/
/

..........,.,4-H/ B

10 Gage CORR. STEEL

TIMBER BULKHEAD

\
\ w

\~
,....
-,,....

F= ====-,­
, IL ...J

~~'-IO" SPAN-1

SECTION B~B

B

CATTLE-PASS TEST SECTION AND ACCESS PASSAGE

SOIL CHARACTERISTICS:
Backfill consisted of a gravelly, silty, sandy soil with a dry density of approximately
117 pcf. The average water content was 8.1 percent, and the ang Ie of j nterna I fricti on
waS approximately 36 degrees. The average cohesion waS 6.1 psi.

PREVIOUS TESTING: None
However, buried structures of this type were tested as "open sl"ructures" as fallows:

Operati on Buster-Jarlgle, Structure 9.1 a
Operati on Buster-Jangle, Structure 9.1 b
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SHOT: ( See Page 175)

TEST LAYOUT: (See Page 125)

LOADING: Structural Measurements

Conduit 3.2a 3.2b 3.2c 3.2d 3.2e

Stati on Number 9016.01 9016.04 9016.03 9018.01 9017.01

Type Steel Steel Steel Steel Concrete
cattle- cattla- cattle- circular circular
pass pass pass

Nominal Depth of
Earth Cover ( feet) 7.5 10.0 7.5 7.5 7.5

Peak Overpressure ot
Earth Surface ( psi ) 149 126 126 126 126

Positive Duration of
Pressure Pu Ise ( sec ) 0.232 0.206 0.206

Peak Internal
Pressure ( psi ) 3.7 * 2.0 3.0 3.0

Peak Downward Accel-
erati on of Bottom of
Conduit ( 9 ) 8.0 <5 <5 * <5

Maximum Vertical
Deflection from
Scratch Gages ( in ) -16/16 ** -17/16 -14/16 ** -12/16 ** -10/16

Residual Vertical
Defl ect ion from
Scratch Gages ( in ) -8/16 -9/16 -4/16 -8/16 -5/16

Gross Movernent of
Conduit Bottom Relative
to Reference Poi nt from
0+9 Days Survey ( in ) -5/8 +7/8 -11/2 -5/8 -1 1/2

* Gage foi led to record
** Incomplete record
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3.2f 3.29 3.2h 3.2j 3.2k 3.21 3.2m

9016.02 9016.05 9018.02 9017.02 9016.07 9017.03 9016.06

Steel Steel Steel Concrete Steel Concrete Steel
cattle- cattle- circular circular cattle- circular cottla-
pass pass pass pass

5.0 7.5 7.5 7.5 7.5 7.5 5.0

126

3.0

5.0

-16/16

-8/16

+ 1/8

124

100

0.333

2.0

5.0

-10/16

-3/16

-3/4

100

0.333

1.3

<5

- 14/16

-8/16

o

100

3.0

<5

-5/16

-2/16

-11/4

60

1.0

<10

-6/16

+ 1/16

- 1

60

0.361

1.5

<10

-5/16

-1/16

-15/8

60

1.7

<5

-4/16

+ 1/16

-11/4



SHOT:
Nome:
Type~

Yield:
Height of Burst:
Dote:

.. Prisei 110"
Balloon
36.6 KT
700 feet
24 June 195/

TEST LAYOUT:

~I

... CATTLE PASS

o CIRCULAR CONCRETE

• CIRCULAR STEEL
I ..-=- DE PTH OF COVE R

F-! 2-90IZ0rh6"
(3.21)0/

. F-3
l
20 901'!t01'7!.6"

/ 3.2d)./.-/
,. v'~(.2-9016.04,rc' ,"
'~, 3.2b).t. /. --~«'E6"

("~(~~I~~03'7!.#":0.: ~3.2'9016.01I Ii; {3.2o).t.
F 3.2-9016.021&'00" ~o

(~.2f). - . OJ

~/, ,, /1/
F-!.2-9017.03'~

{3.2L)O /
F-3.2-90IS.0'" 7'.S"
(3.2k)~/--

, ,
I I

( I
J

N

F-3.2-90IS.06'S':.0"
(3'2mlAo~r' - F-3.2-9017.02f 7':.S"

;: (3.2j)O I-
F-3.2-9018.02 I 7 ~6"

~ (3.2h). / -

F-3.2-90IS.05' 7'.6"
(:3.2g). 1--
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SUMMARY:
Based on the preliminary data available, the report concludes that all types of
conduit sections tested provided adequate 100 p!i protection. The structures were
instrumented with scratch deflection gages, self recording pressure versus time
gages, peak pressure gages, dynamic accelerometers, and peak accelerometers.
Structurol deflections were minor.

In addition, for the particular conditions of this test and within the accuracy of
the overpressure measurements, it was observed that all conduits tested provided
adequate pr..:Jteetion again.. t nuclear radiation. Present knowledge does not justify
making more general conclusions.

OTHER REMARKS:
Structures of this type could probably withstand considerably greater overpressures
under certain soi I conditions and backfi II techniques. The observations of this
proiect are particularly limited until an appropriate theory can be developed for
the response of flexible conduit-soil interaction conditions.

SUBSEQUENT TESTING:
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OPERATION: Plumbbob

PROJECT: 3.3

STRUCTURE IDENTIFICATION: 3.3a, 3.3b, 3.3c

CROSS REFERENCE INDEX:
BURIED STEEL - Corrugated Steel Arch Shelters

REPORT REFERENCES:
'NT - ]422
Defense Atomic Support Agency
Washington 25, D. C.

LOCATION: Frenchman's Flet
Nevada Test Site

OBJECTIVES:
To determine protection from blast and radiation afforded by earth-covered, prefabrica­
ted ammuniti on storage magazines used as personne I shelters.

STRUCTURAL DESCRIPTION:
Three earth-covered, prefabricated ammunition storage magazines were tested. All
three structures basically consisted of Navy stock, 25 feet by 48 feet ammunition storage
magazines ( 11) gage Armco multi plate ). Two structures, 3.30 and 3.3c contained 6"
steel strengthening ribs.

STRUCTURAL DETAILS: (See Pages J28 and 129)

SOIL CHARACTERISTICS:
Backfill existed of a sravelly, silty, sandy soil with a dry density of approximately
115 pcf. The average water content was 8.1 percent; and the angle of internal
friction was 45 degrees. The overage cohesion was 1.4 psi.

PREVIOUS TESTING:
Simi lor structures with different earth configurations were tested in Operation Upshot­
Knothole as Structure 3.15 ane! Operation Teapot as Structure 3.6. (See text pages 70
and 95)
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STRUCTURAL DETAILS:
A-.....-...

DEFLECTION
GAGE MOUNT--+-

6"
STEEL RIBS

SANDBAGS-t~I-~L-_~f,lJI!

I·
A ..

PLAN OF STRUCTURE 3.30
s'-o"

49'-0"

5d-o" 6'-0"

SECTION A-A
A

=C\l
~
llD
.'

10 GAGE MULTIPLATE

r-
FILL /

/
A-"ATURAL

/ SOIL

~-----r--/-RIBS IN 3.30
/ AND J.3c ONLY

Ht===ii=======WJ-J'
4" CONCRETE SLAB

DEFLECTION --~
GAGE MOUNT

SANDB.4.GS - ..no

I A 49~~I---------'-'=---=--
PLAN OF STRUCTURE 3.3b
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EQUIPMENT ROOM

"Q')

II')
N

6" STEEL RIBS

VENTS

DRYING-'
SHOWER

INNER UNDRESSING
INNER AIR LOCK TOILET

OUTER
AIR LOCI<

1- 49'-0"

A

12'-3"

PLAN OF STRUCTURE 3.3c

50'-0"6"0"

-~

" FILL

"" "lNATURAL '\ _-;;

SOIL ".''\ =
~ ~==:d:!:::::!!J~Jb::=::::;Ijf='=4~

SECTION A-A

SHOT:
Name;
Type:
Yiele:
Height of Burst:
Date:

"Prisci 110"
Balloon
36 6 KT
7 00 faet
2 ~ June 1957
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TEST LAYOUT:

N

F-5.!-9019.0l

F-3.3-9060

rBLAST CLOSURE
;; VALVE PLENUM

~

i.,
I I

I ,
, I

I I

/
"7

I I
I ,
I I

I I
L.J

/

LOADING:
structure 3.3a 3.3c 3.3b

Type of structure Ribbed Ribbed Not ribbed
Nominal depth of earth cover ( feet) 5 5 5
Peak Overpressure ot earth surface ( psi) 100 60 60
Positive duration of pressure pulse (msec ) 333 361
Dynamic pressure ( psi )* 310 200 200
Peak internal pressure ( psi ) 2.7 0 I .0
Peak vertical acceleration of floor ( 9 ) <3 <3 <3

* From preliminary composite dynamic pressure curve for height of 3 f-=",t
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SUMMARY:
Prelirl1illury dulu illJi(';I.lh:~s thut th~ structural systems tested provid~d odequote 50 psi
protection. All structures provided adequate total protection agaInst the initial gamma
and neutron radiation from a 39.0 KT relatively high neutron flux device. Instrumenta­
tion consisted of scratch type deflection gages, self-recording pressure versus time
gages, peak-pressure gages, dynamic accelerometers, and peak accelerometers. Radia­
tion instrumentation consisted of gamma film packets, chemical dosimeters, ond neutron
threshold devi ces.

rhe unreinforced 4" concrete floor slab of structure 3.30 exhibited minor cracking as
shown in the following plan. The footings were not integral with the slab and deflected
downward. Crocks appear to be due to frictional drag of the moving footings.

1
GZ

CRACK PATTERN OF FLOOR - STRUCTURE 3.30

In addition, for the particular conditions of this test and within the accuracy of the
overpressure measurements, it was "bserved that:

( 1) The steel arch structure without arch ribs withstood a peak overpressure of 56 psi
with no significant structural damage.

( 2) The steel arch structure with arch ribs withstood a peak overpreSSlJre of 100 psi
with minor j.:Jint slippage and floor crocking.

( 3) All three structures tested provided adequate protection against nuclear radiation.

SUBSEQUENT TESTING: None
Structures of a similar type were tested in Operation Hardtack, Project 3.2 (WT-1626).
(See text page 189)
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OPERATION: Plumbbob

PROJECT: 3.4

STRUCTURE IDENTIFICATION: 3.40, 3.4b, 3.4c

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPER IMENTAL SYSTEMS - Buried Steel
Beam Response Elements

REPORT REFERENCES:
WT-1423
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flot
Nevada Test Si te

08J ECT IVES :
To determine the blast response of underground beams in order to supplement the findings
of the original tests (Operation Upshot-Knothole, Project 3.8 and Operation Teapot,
Project 3.4) with re~pect to effective vertical earth pressures and their attenuation
with depth.

STRUCTURAL DESCRIPTION:
Three structures, 3.40, 3.4b, 3.4c consisted of concrete boxes with 8 foot long simply
supported steel beam strips as roofs. The beam strips for each of the structures included
members of each of three different degrees of flexibi Iity; earth cover was 1 foot I 4 feet,
and 8 feet respectively. Three of the plastic or lip Beams" in each of the structures
were altered from those tested in Operation Upshot-Knothole as shown in Structural
n.eta i Is.

STRUCTLRAl DETAilS: (See Page 133)

SOIL CHARACTERISTICS:
Tan si It with a trace of clay. In its naturlJl state the soi I is very friable. It is horizon­
tally stratified, has vertical joints which are local zones of weakness; and contains mony
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voids. Limited tests of the undisturbed soil in this area prior to the Upshot-Knothcle
tests gave values of 86.6 pef for the dry density, 10.6 percent for the wotpr c.'"Intt>nt l- .
and 95.5 pcf for the wet density. The LJnconfi ned compressive strength determined
on three samples gave results of 1.1 / 2.1. and 4.3 tons per square foot.

No additional soi I data was obtained during Operation Plumbbob.

STRUCTURAL OETAILS:

TYPICAL ELEVATION

I - 23 1/4 .. 1/2 PL.
2 -15 I !SO

N.A.-----=-r

~~
E BEAM

1 • 21 1/4 II. 1/2 PL.
4- 71:9.8

P BEAM

SECTIONS

1 - 201/4 II 1/2 PL.
2 - 8 123

M BEAM

I - 21 1/4 II 1/2 PL.
4-' 7 I: 9.8

N.A.~¥=
:~ ~JL --- JL .--

MODIFIED P BEAM
( I 1/2" REMOVED FOR I'
EACH SIDE OF CENTERLINE)

PREVIOUS TESTING:
Operation Upshot-Knothole l Proiect 3.8 (WT-727) (See text page 63)
Operation Teapot l Project 3.4 (WT-1127) (See text page 91)
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SHOT:

TEST LAYOUT:

!.4a

!.4b

3.4c

,

/

Nome:
Type:
Yield:
Height of Burst:
Dote:

"Prisci 110"
Bolloon
36.6 KT
700 feet
24 June 1957

ASSUMED
NORTH

~

I---t-- BLAST LIN;,;,;E~__

SITE PLAN

=0
-'co

t 3.4c

ELEVATION A-A

900' RAOIUS

GZ-----.J

ELEVATION B-B

LOADING:
Shot 5:

Precursor:

Main Pulse:

'''4

Rise Time - essEmtiolly zer('l
Overpressure - 25 psi
Duration - 55 msec

Rise Time - 45 msec
Peak Overpressure - 160 psi
Duration - 180 msec



rhe results ot this test were inuJt: uvui luLIt: lu pt:rsonnel engaged in the two previous
tests. It was the concensus of opinion thot I whi Ie the doto cotdd we" serve to further
the findings of the earlier tests, this w~;.Jid req'Jire extended o"alysis. Such an effort
could not be undertaken within t~,e scope of the present program; therefore, no quanti­
tative interpretation of rps:"drs is offered. Certain qua litotive observations, however,
were clear.

On the basis of the measured beam response there seemt.~d to be no doubt that in the
type of soi I encountered, there v,o:> (;I significant attenuction of effective verticol earth
pressures within the first few feet of depth. (Effective verticol p.orth pressure refers
to the damage producing agent, not to the free-field pressure; in other words, the test
results show a significant damage attenuation with depth. ) The opposite conclusion
was reached in the origi nol Upshot-Knothole 3.8 test and was apparently reaffi rmed in
the Teapot 3.4 test.

Another conclusion reached in earlier tests was that the beams behaved as though
loaded with the vertical forces acting on the earth's surface immediately overhead.
In view of the significant variation in response of presumably identical beams in the
same structure, it does not seem reasonable to assign only a passive role to the soi I in
regard to the transmission of vertical pressure.

It IS bel ieved that the Plumbbob test was extreme Iy worthwhi Ie and that the data
gathered represented a significant addition to the limited empirical information re­
loti ng to the b last response of underground struc tures.

OTHER REMARKS:
The conclusions reached in earlier tests relating to the lack of attenuation with depth
of effective verti co I earth pressures and ~he response of the test beams to these loads
need to be re-evaluated in light of the Plumbbob test data.

SUBSEQUENT TESTING: None
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OPERATION:

PROJECT:

Plumbbob

3.5

STRUCTURE IDENTIFICATION: 3.5

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS - Buried Isolated
Response Cylinders

REPORT REFERENCES:
WT-1424
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
The overall objective was to make on initial study of the benefit derived from special
backfills in isolating or protecting underground structures and their contents from the
physical effects of explosi ons. The immediate objective was to test the value of two
specific forms of special backfi II - namely, frangible elem~nts and shear barriers.

STRUCTURE DESCRIPTION:
For this experiment, two test stPJctures and one comparison structure were used. Each
test structure consisted of a reinforced concrete pipe enclosing a steel cylinder separated
from the pipe by rubber "a" rings. Outside the concrete pipe waS 0 special frangible
beckfi II (gloss batt les ) around the sides and bottom. The comparison structure consisted
only of a concrete pipe with a solid concrete bottom. All three structures were placed
below ground with their exes vertical and their tops approximately 2 feet below ground
leve I, and with a concrete slab 1 foot thick and 15 feet wide above each. One test
structure and the comparison structure were placed 750 feet from ground zero ( 300 psi
predicted peak overpressure; 229 psi actual). The remaining test structure was placed
1,050 feet from ground zera ( 100 psi predicted peak overpressure; 104 psi actual).
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STRUCTURAL DETAILS:

15'-0"

29"00 ILI .. It. ,
I II .

1--:30 1.0. '
I *\

36" 0.0.

MANHOLE COVER----

=0
.'

SLAB
=0,-

INSTRU MENTATION'
ACCESS CON DUll·

I.IFTING EYE
-ta

ACCELERATOR
MOUNTING BLOCK =0

1/2" Diam. RUBBER
I

~IO

GASKET ("O" RING) =0
I

CONCRETE OUTER CYL.
-2

STEEL INNER CYLINDER E =0E
0

,
ACCELERATOR

·co

MOUNTING WELL

SCREEDED SURFACE --

RUBBER 110 11 RINGS =lQ

FRANGIBLE BACKFILL
=0

I-
TAMPED DRY SAND io
BACKFILL

OUl cR CYLINDER BASE

INNER CYLINDER BASE

60" Diameter
HOLE IN GROUND
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SOIL AND SPECIAL BACKFILL CHARACTERISTICS:
The excavation for these structures was accomplhhed by power augering. For each
structure a hole was augered:; 1/2 feet in diameter end 1.5 feet deep. Tha backfill
of dry sand was cCJTlpacfed by eccentric vibrators commonly used in the plocement of
concrete.

It was considered desirable that the frangible backfill should: (I) have a small elastic
compressive change of volume under the static foundation loads; (2) be impervi",,~ t(\
water; and (3) fail and torm voids under the influence of stresses produced by explosions.

Consideration of various possibilities led to the conclusion that glass bottles were attrac­
tive from the standpoint of stiffness, water imperviousness, and good aging characteristics.
It is further conc luded that square shapes, with their better characteristics of frangibi Iity
would be more satisfactory than round ones. Specifically, it was recognized that the
collapse under external pressure of square shapes was like Iy to be both more uniform and
at a lower value of pressure than that of round shapes.

It was desired that the frangible elements withstand, without failure, pressures of the
order of 20 psi. It was desirable to find frangible elements that definitely would fail
at pressures little above the value of 20 psi, since the project would fail to obtain data
if the frangible backfill were not broken by the explosion forces.

Laboratory experiments on a wide range of sizes and shapes of glass bottles disclosed that
square gin bottles most closely titted the desired specifications. Quart gin bottles were
found to fai I under externa I pressures rungi ng from 30 ta 50 psi, with the major fracti on
fai ling between 25 and 45 psi. The next strangest alternatives tested were square mi Ik
bottles, which fai led at pressures of approximately 65 psi. All bottles of smaller size
withstood 100 psi successfully.

To avoid complete collapse, the bottles were placed around the side af the structure so
that they covered about 53 percent of the area. Thus, there remained about 47 percent
of the area in which the sand backfi II was initially in contact with the structure. Since
it was expected that the earth ( motion) stresses and strains would be first a vertical com­
pressian and then a radial compres~ian, it was decided that the bottles should be placed
with their axes horizontal rather than vertical. With this orientation, the frangible
backfi II would be expected to collapse at an earlier time and under a lower total stre',s
than \'!ith any other orientation.

The design of the frangible backfi II below the bottom of the concrete pipe and of the
inner cylinder required a quite different approach, because the applied forces were
expected to be of an entirely different character. It was estimated that the vertical
motion of the soi I at the 12 foot depth, where the botto,ns of the .tructures were, would
be a nearly instantaneous downward displacement of between I and 6 inches. If either,
or both, the frangible backfi II outside the concrete pipe and the rubber rollers between
the inner cylinder and the concrete pipe served as satisfactory shear barriers, it was
expected that the structures would remain essentially stationary during this downward
displacement of the soil. Hence, the problem of designing the frangible backfill
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underneath the structures was primarily the problem of minimizing the upward accelera­
tion required to reduce their velocity to zero at the time they returned to contact with
the soi I that had dropped out from under them.

Just as in the case of the frangible backfi II at the sides, complete collapse of the bottOl'!1
backfill was not desirable. For both the inner cylinder and the outer concrete pipe, the
the static vertical load was carried by the square bottles. To av()id the catastrophic
collapse when the bottles broke, styrofoam columns were placed between the bottles.
Preliminary tests showed that tapered columns ( wedges) were superior ta straight-sided
oneSj hence, tapered styrofoam columns were placed between the bottles under the
inner cylinder. The weight of the outer cylinder ( 4,800 pounds) required eight bottles
for support under static conditions, and the remaining space was sufficient only for
strai ght-si ded styrofoam columns.

PREVIOUS TESTING:

SHOT:

None

Nome:
Type:
Yield:
Height of Burst:
Date:

TEST LAYOUT:

"Priscilla"
Balloon
36.6 KT
700 feet
24 June 1957

I

I

I

l

1---------_ 'O~o'
, I-~

-T~ BLA~T LINE .*~~'~zEf>-
-10 -II)I FREE FI ELO SUBSURFACE
~ ~+- MEASUREMENTS

~EST STRUCT. -:Ill ~TEST STRUCTURE (No.1!
(No.3) La

-"-COMPARISON STRUCT. (No.2)

LOADING:
( Peak surface ai r overpressure)

750 foot range: 229 psi
1050 foot range: 104 psi
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SUMMARY:

The conclusions derived from this experiment is that special backfi lis designed to reduce
the coupling between underground structures and the surrounding soil have significant
promise.

The following specific conclusions are drawn:

(I) The peak downward acceleration of the outer part of Structure No.1 (test) was
26 percent of the corresponding free-field value at a 10 foot depth. This is the best
evidence of the value of the frangible elements and sand.

(2) The pe::rk downward acceleration of the inner part of Structure No. 1 (test) was
21 percent of that of the outer cylinder. This is the best evidence of the value of
the rubber "0" rings as shear barriers. It suggests promise of lubricant-type shear
barriers.

(3) The horizontal motion of the inner part of Structure No.1 (test) was significantly
less thUh thot of the free field at 10 foot depth or of Structure No.2 ( comparison).
Since both the frangible backfill and the "0" rings acted as compression barriers to
horizontal motion, it is not possible to conclude which type of isolation gave the most
benefit. The motions were small, and it may well be that the resiliency of the "0"
rings was a major factor.

(4) The horizontal motion of Structure No.2 (comparison) was approximately the
same as that of the free field at " 10 foot depth.

(5) The peak downward acce lerati on of the ('Vter part of Structure No. 3 ( test) was
less than 50 percent of the corresponding value at a 10 foot depth. This describes the
value of the frangible elements and sand for this structu"e.

(6) The horizontal motion of the inner part of Structure No.3 ( test) showed important
departures from the motion of the free field 10 foot depth. These differences were
believed to be due primari Iy to the effect of the "0" rings; but the effect of the frangible
elements and sand were also included, and the two cannot be separated.

(7) The benefits of this specific arrangement of frangible backfi II and sand were signi­
ficant at the 104 psi overpressure level, and were more impressive at the 229 psi level.

I

I

I

~.:

SUBSEQUENT TESTING:
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OPERATION:

PROJECT:

Plumbbob

30.2

STRUCTURE IDENTIFICATION: 30.2

CROSS REFERENCE INDEX:
BURIED CONCRETE - Reinforced Concrete Parking Garage-Shelter

REPORT REFERENCES:
ITR-1449
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

I

I

L -

OBJECTIVES:
To evaluate the capabilities of a reinforced concrete dual purpose underground parking
garage and personnel shelter in providing protection against the effects of a nuclear

weapon.

STRUCTURAL DESCRIPTION:
The test section was 0 below grade flat slab structure with an interior floor area of
7569 square feet ( 87 feet by 87 feet) and nine interior columns 29 fect on center.
Access was provided by a 14 foot wide vehicular ramp along one side of the structure.
The roof slab was 3 feet below grade and the walls of the structure were 12 inches
thick, except for the exposed wall along the ramp which was 4 feet 6 inches thick.

STRUCTURAL DETAILS: (See Page 142)

SOIL CHARACTERISTICS:
The soil possessed a state of high consolidation and a natural prestress of 10 tsf. A
perculiar charaderistic af the soil was high triaxial stresses and small strains at failure

as evidenced by laboraTory tests.

PREVIOUS TESTING: None
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SHOT:

TEST LAYOUT:

Nome:
Type:
Yield:
Height of Burst:
Date:

"Prisci 110"
Balloon
36.6 KT
700 feet
24 June 1957

30.2

-------------LOUTSIOE CF FOOTING LINE

LOADING:
Limited informatiun avai lob Ie . The peak incident overpressure measured on the earth
surface was 42 psi.

SUMMARY:
The test structure provided adequate protection against blast and radiation. The rise
in interior pressure did not exceed 1.0 psi. The only fai lures that occurred were the
end retaining wall near the entrance ond the pneumatic seal around the door frame.
Instrumentation consisted of Wyancko pressure gages, Carlson earth pressure gages,
dynamic pressure gages, and a self recording pressure gage. Radiation measurements
were taken using film dosimeters, gamma radiation chemical dosimeters, and one gammo­
rate telemeteri ng unit.

OTHER REMARKS:
The flat-slab roof and supporting structure are more than ade,!ual"c to resisl the 42 psi
peak incident test loading.

The shear stresses used for design were substantially in f>xr:ess of values recommended by
other sources ond were conservative.

SUBSEQUENT TESTING: None
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OPERATION: Plumbbob

PROJECT: 30.3

STRUCTURE IDENTIFICATION: 30.3

CROSS REFERENCE INDEX:

SEMI-BURIED CONCRETE - Semi-Buried Reinforced Concrete
Family Shelters

REPORT REFERENCES:
ITR-1450

Civil Effects Test Group Report
Available through Office of Technical Services
Deportment of Commerce
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

I

I

I

I

L

OBJECTIVES:

To determine the level of protection afforded by a t;O:lcrete fami Iy type shelter; and
to collect data to aid in establishing criteria for future designs.

STRUCTURAL DESCRIPTION:

The three s~ructures were constructed of reinforced concrete, and were designed to
accommodate six persons and supplies for seven days. Added protection was gained by
moundi ng earth (Iver the reinforced concrete structures.

STRUCTURAL DETAILS: (See Page 145)

SOil CHARACTERISTICS:
Soil ron<i~ted of a dessicatcd brown clayey sill.

F,{EVIOUS TESTING: None
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STRUCTURAL DETAILS:

FLOOR PLAN

2 DOOR PULLS

ANTENNA BLOCK

.. ~..."~ ..30" Oiam. C.M.P.
ESCAPE TUBE
a COVER (Fill

.... it~ dry COiHite I:
sand ar fin8 grav.II ... ~2~0__'-4"_'_'----.-------1

SECTION A-A
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SHOT:
Name:
Type:
Yield:
He igilt of Burst:
Date:

"Prise; Ila"
Balloon
36.6 KT
700 feet
24 June 1957

TEST LAYOUT:

The ranges of the th..... )tructures that were placed at frenchman's Flat were at over­
pressure locations of 65 psi, 48 psi, and 30 psi.

LOADING:

Only limited information avai loble. Assumed loadings for the three structures are 65 psi,
48 psi, and 30 psi.

SUMMARY:

Examination revealed tha' there was little or no deflection in the reinforced concrete
members. Permanent damage was confined to the e:tposed portions of the ventilation
pipes, which were bent to a nearly horizontal position.

SUBSEQUENT TESTING: None



STRUCTURE IDENTIFICATION: 30.6 II-I

OPERATION: Plumbbob

147

i

I
_____J

SECTIONSECT. A-A

CROSS REFERENCE INDEX:
BURIED CONCRETE - Reinforced Concrete Box Section Personnel
She Iter ( French Type )

PROJECT: 30.6

REPORT REFERENCES:
WT-1453
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not avai lob Ie; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
French personnel shelter Type 60 - buried reinforced concrete box structure, 2 feet
thick in floor, walls, and roof.

STRUCTURAL DETAILS:



SOIL CHARACTERISTICS:
No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alllNium in Yucca Flat vcries in character from clayey and si It-siz.ed
particles, to coJbles and boulders. The composition of this material is chiefly lime­
stone and volcanic tuff with smaller amounts of other volcanics, quartzite, conglomer­
ate and sandstone. The alluvium is poorly l:onsolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTING:
None in the United States.

SHOT:
Name:
Type:
Yield:
Height of Burst:
Date:

Range:

LOADING:
Peak Overpressure:
Positive Phase Duration:

"Smoky"
Tower
43.8 KT
700 feet
31 August 1957

approx. 900 feet

145 psi ( approx. )
0.24 sec

SUMMARY:
The exposed entranceways of the structure were scoured by the blast. Above grour,d air
stacks were severely damaged. T:"p pattern of crocks in the entranceway roof, walls and
sta irs indicated that the concrete construction was forced outward into the soil. Crack­
ing was extensive but of small sizes. Only minor cracks occurred in the below ground
areas.
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OPERATION: PI<Jmbbob

PROJECT: 30.6

STRUCTURE IDENTIFICATION: 30.6 /1-2

CROSS REFERENCE INDEX:
BURIED CONCRETE - Precast Concrete Pipe Sections

REPORT REFERENCES:
WT-l.d53
Civi I Effects Test Group Report
Available through Office of Technical Services
Departmer. of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not ovai lable; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
French personnel shelter Type 50. Buried reinforced concrete underground structure
consisting of 10 inch thick precast rings. Entrance was of poured-in-place concrete.

STRUCTURAL DETAILS.

~~9·~-6~" +I__-,8c-~-,'o_"__.1
SECTION
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SOIL CHARACTERISTICS:
No soil data statedj however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, ta cobbles and boulders. The composition of this material is chiefly lime­
stone and volcanic tuff with smaller amounts of other volcanics, quart:dte, conglomer­
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per literj that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTINC:
None in the United States.

SHOT:
Name:
Type:
Yield:
Height of I~urst:

Date:

Range:

LOADING:
Peak Overpressure:
Positive Phase Duration:

"Smoky"
Tower
43.8 KT
700 feet
31 August 1957

approx. 900 feet

115 psi (approx. )
0.24 sec

SUMMARY:
No damage to poured concrete; however, circular precast rings exhibited extensive
cracking and spoiling.
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OPERATION: Plumbbob

PROJECT: 30.6

STRUCTURE IDENTIFICATION: 30.611-3

CROSS REFERENCE INDEX:
BURIED CONCRETE - Reinforced Concrete Box Section Personnel
Shelter ( French Type)

REPORT REFERENCES:
WT-1453
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
sub iec ted to overpressures from at')mi c weapons.

STRUCTURAL DESCRIPTION:
French personnel shelter Type 65. Buried reinforced concrete structure with floor, walls,
and roof two feet thick.

STRUCTURAL DETAILS: ( See Page 152)

SOIL CHARACTERISTICS:
No soil data stated; however, backfill was typical of Yucca Flat at the Nevado Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime­
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer­
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by calichp or where beds of caliche exist _ Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DEYAILS:

~
SECT. A-A
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PREVIOUS TEST!NG:
None in the United Stotes.

SHOT:
Nome:
Type:
Yield:
H.. ight of Burst:
Date:

"Smoky"
Tower
43.8 KT
700 feet
~I August 1957

Range: approx. 900 feet

LOADING:
Peak Overpressure:
Positive Phose Duration:

115 psi ( approx. )
0.24 sec

SUMMARY:

Minor damage observed. Minor crocking in walls (less than 1/32 inch width).
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OPERATION: Plumbboc

PROJECi: 30.6

STRUCTURE IDENTIFICATION: 30.611-4

CROSS REFERENCE INDEX:

BURIED CONCRETE - Reinf.:>rc~d Concrete Box Section Personnel
Shelter ( French Type )

REPORT REFERENCES:
WT-1453
Civil Effects Test Group Report
Available through .office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:

Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weopons.

STRUCTURAL DESCRIPTION:
French personnel shelter Type 65. Buried reinforced cOl1crete structure with floor,
walls, and roof twa feet thick.

STRUCTURAL DETAILS: See Page 154)

!

I

l

SOIL CHARACTERISTICS:
No soi I data stated; however, backfi II was typical of Yucca Flat at the Nevada Test
Site. The alluvium in YUCCI] Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime­
stone and volcanic tuff with small amounts of ather volcanics, quortzite, conglomer­
ate and sandstone. The alluvium is poorly consolidated except where the particies
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1 .8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:
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SECT. A-A

A--l
SECTION

PREVIOUS TESTING:
None in the United States.

SHOT:
Nome:
Type:
Yield:
Height of Burst:
Dote:

"Smoky"
Tower
43.8 KT
700 feet
31 August 1957

Range: approx. 900 feet

LOADING:
Peak Overpressure:
Positive Phose Duration:

115 psi (approx.)
0.24 sec

SUMMARY:
Minor structural damage. Entrance facing away from ground zero was badly damaged.

I

I

I
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I
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LOCATION:

I

l

OPERATION: Plumbbob

PROJECT: 30.6

STRUCTURE IDENTIFICATION: 30.611-5

CROSS REFERENCE INDEX:
BURIED CONCRETE - Reinforced Concrete Box Section Personnel
She Iter ( French Type )

REPORT REFERENCFS:
WT 1453
Civi I Effcc!: Test Group Report
Avoi lable through Office of Technical Services
Deportment of Commerce
Washington 25, D.C.

Yucca Flat
Nevoda Test Site

OBJECT IVES:
Not available; however, it is presumed to be t:le evaluation of personnel structures
subjected to overpressures from atomic weopons.

STRUCTURAL DESCR IPTlON:
French personnel shelter Type 65. Buried reinforced concrete structure with floor,
walls, and roof two feet thick.

STRUCTURAL DETAILS: (See Page 156)

SOIL CHARACTERISTICS:
No soil dato stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime­
s~one and volcanic tuff with srnoll amounts of other volcanics, quartzite, conglomer­
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caUche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 tv 112 pound, per cubic foot.
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STRUCTURAL DETAILS:

SECT. A-A

PREVIOUS TESTING:
None in the United Statcs.

SHOT:
Name:
Type:
Yield:
Height of Burst;
Date:

ROflge:

LOADING:
Peak Overpressure:
Positive Phose Duration:

SECTION

"Smoky"
Tower
43.8 KT
700 feet
31 August 1957

approx. 1000 feet

115 psi ( opprox.
0,26 sec

SUMtv\ARY;
Very minor strllcturol do,ooge to buried portions.
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OPERATION,

PROJECT,

Plumbbob

30.7

STRUCTURE IDENTIFICATION, 30.7 RAa

CROSS REFERENCE INDEX,
BURIED CONCRETE - Reinforced Concrete Box Section Personnel

Shelter ( German Type)

REPORT REFERENCES,
WT-1454
Civil Hfects Test G'oup Report
Avai lable through Offi ce of Technical Services
Deportment of Commerce
Washington 25, D. C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES,
Not avoilable; however, it is presumed tobe the evaluation of pe,rsonnel structures
subjected to overpressures frOrTJ atomic weapons.

STRUCTURAL DESCRIPTION,
German personnel shelter Type A. Buried rectar,gular reinforced concrete box with

haunched roof.

STRUCTURAL DETAILS, ( See Page 158)

SOIL CHARACTERISTICS,
No soi I cata stoted; however, backfi II was typi col of Yuc~a Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer­
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 ki lograms per liter; that is, S8 ;0112 pound, per cubic foot.
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SECTION

PREVIOUS TESTING:
None in the United Stotes.

SHOT,

Name:
Type:
Yield:
Height of Burst:
Dale:

Range:

LOADING:
Peak Overpressure:
Positive Phase Duration:

"Smoky"
~ . "Npr

4.8 KT
700 feet
31 August 1957

840 feet

190 psi
0.11 sec

SECT. A-A

I

I

I

--

SUMMARY:

Only hairline crocks were observed in buried portions of structure, however, the
entranceway was badly damaged.
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OPERATION: Plumbbob

PROJECT: 30.7

STRUCTURE IDENTIFICATION: 30.7 RAb

CROSS REFERENCE INDEX:

BURIED CONCRETE - Reinforced Concrete Box Section Personnel
Shelter ( German Type)

REPORT REF!:RENCES:
WT-1454
Civil Effects Test Group Report
Available through Office of Technical Services
Deportrnent of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Si ~e

OBJECT IVES·
Not available; however, it is presumed ta be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
Gt:rrron personnel shelter Type A. Buried rectangular reinforced concrete box with
hounched roof.

STRUCTURAL DETAILS: (See Page 160)

SOIL CHARACTERISTICS:
No soil data stated; however, backfill was typical of Yucca Flat at the ~'evoda Test
Site. The alluvi0m in Yucca Flot varies in character from clayey and si It-sized
particles, to cobbles and 00ulders. The composition of this material is chiefly lime­
stone and volcani" tllff with small amounts of other 'folcanics, quartzitc, conglomcr­
ate and sandstone. The> alluvium is poorly consolidoted except where the particles
ore cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1 .8 ki lugrams per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:

1"3" I I --itt --....:2::..1~..::O'--"__--I

~ 35'-5"1-
SECTION

PREVIOUS TESTI NG:
None in the United Stotes.

SHOT:

SECT. A-A

Name:
Type:
Yield:
Height of Burst:
Date:

Range:

LOADING:
Peak Overpressure:
Positive Phase Duration:

"Smoky"
Tower
43.8 KT
700 feet
31 August 1957

1000 feet

115 psi
0.26 sec

!.

SUMMARY:

The main struct'Jre had 1/32 inch cracks in the floor and hairline crocks in the roof and
wolf. The entranceway was damaged extensively.
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OPERATION:

PROJECT:

Plumbbob

30.7

STRUCTURE IDENTIFICATION: 30.7 RAe

CROSS REFERENCE INDEX:

BURIED CONCRETE - Reinforced Concrete Box Section Personnel
Shelter ( German Type)

REPORT REFERENCES:
WT-1454
Civil Effects Test Group Report
Avai lable through Office of Tp.c~nical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:

Not avai lab Ie; hawever, it is presumed to be the evaulation of personne I structures
subjected to overpressures from otomi c weapons.

STRUCTURAL DESCR IPTlON:

German personnel shelter Type A. Buried rectangular reinforced concrete box with
naunched roof.

STRUCTURAL DETAILS: ( See Page 162)

I

I

I

I

l

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Sit(.. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly IimE;­
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate. and sandstone. The alluvium is poorly consolidated except where the parti::: les
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.
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SECTION

PREVIOUS TESTING:
None in the United States.

SHOT:
Nome:
Type:
Yield:
He ight of Burst:
Dote:

Range:

LOADING:
Peak Overpressure:
Positive Phose Duroti on:

"Smoky"
Tower
43.8 KT
700 feet
31 August 1957

1000 feet

115 psi
0.26 sec

SECT. A-A

SUMMARY:
Hairline flexural cracks only observed in main structure. Numerous crocks in
entranceway.
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OPERATION:

PROJECT:

Plumbbob

30.7

LOCATION:

STRUCTURE IDENTIFICATION: 30.7RAJ

CROSS REF ERE NCE INDEX:
BURIED CONCRETE - Reinforced Concrete Box Section Personnel
She Iter ( German Type)

REPORT REFE~ENCES:

WT-1454
Civi I Effe-:ts Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.

Yucca Flat
Nevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A. Buried rectongular reinforced concrete box with
haunched roaf.

STRUCTURAL DETAILS: ( See Page 164)

SOIL CHARACTERISTICS:
No soil data stated; however, nackfill was typical of Yucco Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in charader from clayey and silt-sized
particles, ta cobbles and boulders. The composition of this material is chiefly lime­
stona and volcanic tuff with small amounts of other volcanics, quartzite, conglomer­
ate and sandstone. The alluvium is poorly consolidated except where the partic.les
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 98 to 112 pounds per cubic foot.
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SECTION

PREVIOUS TESTING:
None in the United States.

SHOT:
Name:
Type:
Yield:
Height of Burst:
Date:

Range:

LOADING:
Ppnk O':lerpre~!~!"c:

Positive Phase Duration:

"Smoky"
TUW'H

43.8 KT
700 feet
31 August 1957

1176 feet

82 psi
0.30 sec

SECT. A-A

SUMMARY:

No damage to shelter; however, slight darr.age to entranceway.
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0PERATlGN: Plumbbob

PROJECT: 30.7

STRUCTURE IDENTIF'CATION: 30.7 CAa

CROSS REFERENCE INDEX:
BURIED CONCRETE - Reinforced Concrete Cylindrical S~ction

Personi1el Shelter ( German Type)

REPORT REFERENCES:
WT-1454
Civi I Effects Test Group Report
Avai lable through Offi ce of Techni co I Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A. Cylindrical pour..d-in-place reinforced concrete
she Iter.

STRUCTURAL DETAILS:

I

I

I

Il:

SECTION 1-------

". _-.f> .. '- ' .. :0",

0.,·".p' "'I-'--~

~~
SECT. A-A
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SOIL CHARACTERISTICS:

No soil data stated; flowever, backfill was typical of Yucca Flat ot the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt'-sized
particles, to cabbies and boulders. The composition of this material is chiefly lime­
stone and voir.onic tuff with small amounts of other volcanics, quartzite, conglomer­
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from i.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTING:
None in the United States.

SHOT:
Name:
Type:
Yield:
He ight of Burst:
Date:

Range:

LOADING:
Peak Overpressure:
Positive Phase Duration:

"Smoky"
Tower
43.8 KT
700 feet
31 August 1957

900 feet

160 psi
0.24 sec

SUMMARY:

No damoge to structure except for emergency hatch.
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OPERATION: Plumbbob

PROJECT: 30.7

STRUCTUP.C IDENTIFICATION: 30.7 CAb

CROSS REFER ENCE INDEX:
BURIED CONCRETE - Reinforced Concrete Cylindrical Section
Per>onnel Shelter ( German Type)

REPORT REFERENCES:
WT -1454
Civil Effects Test Group Report
Avoi lable through Office of Technical Services
Department af Commerce
Washingtor, 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not avoilable; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from otomic weapons.

STRUCTURAL DESCR IPT ION:
German personnel shelter Type A. Cylindrical poured-in-place reinforced concrete
she Iter.

STRUCTURAL DETAILS:

SECTION

; I I
' '4" Ii I· I'
~--

.. : '.,~.:". ././ .

SECT. A-A
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SOIL CHARACTERISTICS:
No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, ta cobbles and boulders. The composition of this mated,,1 is chi~fly lime­
stone and volcanic tuff wi th sma II amounts of other volcanics, quartzite, conglomer­
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by coliche or where beds of caliche exist. Density of the alluvium
Y'uiies fruit-, : .:3 ~o 1 .8 ki ~ogroms per iiter; that is, 88 to i i 2 pounds per cubic feet.

PREVIOUS TESTING:
Nan.l in tne United States.

SHOT:
Name:
Type:
Yield:
He ight of Burst:
Date:

Range:

LOADING:
Peak Overpressure:
Positive Phose Duration:

"Smoky"
Tower
43.8 KT
700 feet
31 August 1957

1000 feet

115 psi
0.26 sec

i

I. F

SUMMARY:
No damage to structure except for emergency hoteh.
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OPERATION: Plumbbob

PROJECT: 30.7

STRUCTURE IDENTIFICATION: 30.7 RCa

CROSS REFERENCE INDEX:
BURIED CONCRETE - Reinforced Concrete Box Section Personnel
Shelter ( German Type)

REPORT REFEREI'KES.
WT-1454
Civil Effects Test Group Report
Available through Office of Technical Services
Department .,f Commerce
Washi ngton 25, D. C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personn.~1 shelter Type C. Buried reinforced concr::te retangular structure
with walls, floor, and roof 1'-0" thick.

STRUCTURAL

-.,

·~D·· ..
: , :.-- :.' .'

32'-11"

~m

SECTION

m w •

srCT. A-A
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SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat vories in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime­
stone and volcanic tuff with !!!'!c!!cmount; of olher voicanics, quortzite, conglomer­
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
vari es from 1.3 to 1.8 ki logroms per Ii fer; that is,. 88 to 112 p~,..md: ~i cubic fe-.Ii.

PREVIOUS TESTING:
None in the United States.

SHOT:

Name:
Type:
Yield:
Height of Burst:
Date:

Range:

LOADINC:
Peak Overpressure:
Positive Phase Duration:

"Smoky"
Tower
43.8 KT
700 feet
31 August 1957

1770 feet

27 psi
0.48 sec

SUMMI.RY:

Minor crocks ( 1/32 inch or less) throughout the structure.
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OPERATION:

PROJECT:

Plumbbob

34.3

STRUCTURE IDENTIFICATION: 34.3-01 and 34.3-02

I

I

I

~.

CROSS REFERENCE INDEX:

BURIED STEEL - Corrugated Steel Pipe Sections

REPORT REFERENCES:
WT-1474
Civi I Effects Test Group Report
Available through Office of Technical Services
Deportment of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
NevodlJ Test Site

OBJECTIVES:

To determine the resistance of buried structural-plate pipe to high overpressurE's.

STRUCTURAL DESCRIPTION:

Structural-plote pipe of curved, sectional, 10 gage corrugated metal plates having
longitudinrol and circumferential bolted seams. Corrugations are nominally 2 inches
deep and spaced 6 inches apart. The pipe sections used were 20 feet lang and 7 feet
in diameter.

STRUCTURAL DETAILS: (See Page 172)

SOIL CHARACTERISTICS:

The backfill material was sandy gravel with a maximum density of 122 pcf and a mois­
ture content of 10.5 percent. The average compaction attained was about 93 percent
of maximum. Direct shear te<ts indicated an internol roefficient of friction of 1.42
in one case and 0.B75 in another.

PREVIOUS TESTING:

Somewhat similar structures were tested in Operation Plumbbob, Project 3.2 (WT-1421 ).
(See text page 121)
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STRUCTURAL DETAILS:

2o'·d' \r-, +-- ---.;1.::.9...;'.0::;." __

-----<,,-.-

GROOVfS I~ SIOfS OF fXCAYATION ...
FOR ;'IiO,JECTlOt.S BuLKHEADS \

\~ISH G~AI:l~

SHOT:
Name:
Type:
Yield:
Height oi Burst:
Dote:

"Smoky"
Tower
44 KT
700 feet
31 August 1957

TEST LAYOUT:

One structure was locoted 825 fep.t from grC"Jnd zero ond the other, 900 reet from
ground zero with the axis of the pipe perpendicular to a roy from ground zero.

LOADING:
( Overpressure at earth surface)

34.3-01: 245 psi
34.3-02: 140 psi

SUMMARY:

Maximum transient changes in vertical und horizontal diameters me05ured by th.. 5elf­
r","arding gages were about 7/8 inch ond 3/8 inch, respectively. Moximum residual
chonges in the some diometers were 3/4 inch ond 1/4 inch, respectively. Discrepancies
were found between measurements of residual changes recorded by the goge5 and those
obtained visually before ond ofter the event.
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OTHER REMARKS:
These structures were simi lor to those evaluated as part of Operation Plumbbob, Project
3.2. The soil conditions for each project were quite different. The deflections
e}(p'!rien,=ed in Proiect 34.3 were ~cr'~idercb!i~ s~c Her thaii might be t"lefuied uf.Jer
ccrtc:n ~:::~~:t:::~~; h~","~,~" "P~' 1;",:'~' ~;],v;v(!1 has not yet been estcblished for
structures of this type.

SUBSEQUENT TESTING: None
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LOCATION.

OPERATION: Plumb:oob

PROJECT: Test Support Station

STRUCTURe iuEhiTiFiCATlON: Station T 3B

CROSS REFERENCE INDEX:
TEST SUPPORT STAT ION - Massive Reinforced Concrete Semi­
Buried Shelter.

REPORT REFERI:NCES:
ITR -1455
Defense Atomic Support Agency
Washington 25, D.C.

Frenchman's Flat
Nev.,da Test Site

OBJECTIVES: ( Non-experimental structure)
Structure us~d for test support purposes, thus on Iy visual P05t shot inspections were
mode.

STRUCTURAL DESCRIPTION:
Reinforced concrete test facility shelter. Top surface was flush wii:' the grade and
covered with five feet of earth.

STRUCTURAL DETAILS: ( See Page 175 )

SOIL CHARACTERISTICS:
No sail data given; but soil at Frenchman's Flat consists of silt with a trace of clay,
and has a maximum dry density of 96 to lOB pef.

PREVIOUS TESTING: None

174

I

I

I

I

I

~ - »=



STRUCTURAL DETAILS:
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SECTION A-A

SHOT:
Name:
Type:
Yield:
Height of Burst:
Date:

IIFizeau"
Tower
11 KT
500 feeT
14 Sept 1957

Range: zero

LOADING:
Peak O"arpressure: 315 psi
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SUMMARY:
Trunsient displacement af 6.5 inches downward and permanent displacements of 1.5
inches downward were noted. No ather damage was noted.

OTHER REMARKS:
Measurements af earth pressure and deflection were not made for this test station;
hence, loading and response data was collected only for general information purposes.
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OPERATION: Plumbbab

PROJECT: Test Support Station

STRUCTURE IDENTIFICATION: Station 7-300

LOCATION:

CROSS REFERENCE INDEX:
TEST SUPPORT STATION - ~Aassive 1einforced Concrete Semi­
Buried Shelter

REPORT REFERENCES:
ITR -1455
Defense Atomic Support Agency
Washington 25, D.C.

Yucca Flat
Nevada Test Si te

OBJECTiVES: ( Non-experimental structure)
Structure used for test support purposes, thus only visual post shot inspections were
made.

STRUCTURAL DESCRIPTION:
Massive reinforced concrete test facility located below grade covered with mounded
earth.

STRUCTURAL DETAILS: ( See Page 178)

I

I

L

SOIL CHARt,CTERISTlCS:
No soil data stated; however, backfill was typical of Yucca Flot at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and si It-sized
particles, to cobbles ond boulders. The composition of this material is chiefly lime­
stone and volcanic tuff with small amounts of other volcanks, quartzite, conglomer­
ate and snnrl,tone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of calkhe exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, ~8 to 112 pounds per cubic foot.
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STRUCTUR4.l DETAILS:

:~ j"·l'·o.) ., ;.:.:.. .. ':.;< ,'C'

.-.: ..

4-0" 24'-0" I 4-0" I

I

PREVIOUS TESTING: None

SHOT:
Nome: "Stokes" "Dopplet "laPla<;e"
Type: Balloon Balloon Balloon
Yield: 19 KT 10.5 KT 1.22 KT
Height of Burst: 1,500 feet 1,500 feet 750 feet
Dote: 7 Aug 1957 23 Aug 1957 8 Sept 1957

Range: 60 feet 60 feet 60 feet
Peak

Overpressure: 45 psi 25 psi 25 psi

Nome: II Newton II "Franklin' "
Type: Ballnon Balloon
Yield: 12.0 KT 4.7 KT
Height of Burst: 1,500 feet 75Q feet
Date: 16 Sept 1957 30 Aug 1957

Range: 60 feet 60 feet
Peak

Overpr"S5ure: 30 psi 65 psi

SUMMARY:

No damage experienced by the loadings above.
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OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, loodi ng and response data was collected on Iy for genera I informati on purposes.
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LOCATION:

I

I

l

OPERATION: Plumbbob

PROJECT: Test Support Station

STRUCTURE IDENTIFICATION: Station 9-22-6001

CROSS REFERENCE INDEX:
TEST SUPPORT STATION - Massive Reinforced Concrete Semi­
Buried Shelter

REPORT REFERENCES:
ITR-1455
Defense Atomic Support Agen<,:)'
Woshington 25, D.C.

Yucca Flot
Nevada Test Site

OBJECTIVES: ( Non-experimentol structure)
Str~cture used for test support purposes, thus only visuol pasr shot inspections were
mode.

STRUCTURAL DESCRIPTION:
Massive reinforced concrete test facility located below grade,covered with moundeci
earth.

STRUCTURAL DETAILS: (See Page 181)

SOIL CHARACTERISTICS:
No soi I do to stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer­
ate and sandste-ne. The alluvium is poorly c<Y.lsolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1 .3 to 1 .8 ki lograms per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:

PLAN

r-
'a>
.~

SECTION A-A

I-

PREVIOUS TESTING: None

SHOT:
Narr.e: II Lassen II "Wilson ll "Hood"

Type: Balloon Balloon Balloon

Yield: 0.47KT 10.3 KT 74.3 KT

Height of Burst: 500 feet 500 feet 1,500 feet

Date: 5 June 1957 18 June 1957 5 July 1957

Range: 25 feet 25 feet 25 feet

Peak
Overpressure: 35 psi 290 psi 60 psi
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SHOT: ( can't)
Nome: "Owens" "Wheeler" "Char lestan" "Morgan ll

Type: Balloon Balloon Balloon Balloon
Yield: 9.7 KT 0.19 KT 11 .5 KT 8.0 KT
Height of Burst: 500 feet ">00 feet l ,500 feet 500 feet
Date: 25 July 1957 6 Sept 1957 28 Sept 1957 7 Oct 1957

Range: 25 feet 25 feet 25 fed 25 feet
Peak

Overpressure: 140 psi 20 psi 25 psi 250 psi

SUMMARY:

There was no damage from shots "Lassen", "Wilson", and "Hood". Spoiling was evident
after shot "Owens". SE>vere cracking occurred from shot "Morgan". Upon completion
of the series of tests, the roof was cracked and spalleJ, thereby expO$ing reinforcing
steel.

OTHER REMARKS:

Measurements of earth pressure and deflection were not made for this test station;
hence, loading and response data was collected only for general information purpO$f:S.
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OPERATION;

PROJECT:

Hardtack

1.9

STRUCTURE IDENTIFICATION: 1.9

CROSS REFERENCE INDEX:

LOADING-RESPONSE EXPERIMENTAL SYSTEMS - Buried Response
CYlinders ( Drums with Flexible Diaphragms)

REPORT REFERENCES:

WT-1614
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Gene (Teiteiribucchi ) and Yvonne ( Runit )
Eniwetok Proving Grounds

OBJECTIVES:

To study some of the factors affecting the transmission of air-blast-induced pressure
through soi I and the loading produced on buried structures. Pressures studied were In
the range of approximately 250 psi.

Factar5 that were studied:

(1) Attenuati on of pressure transmi tted through un~aturatE'd si It containi ng a trace of
clay.

(2) The effect of surface peak overpressure on the pressure transmitted through such
a soi I.

(3) The effect of structure flexibility on the loading of structures buried in such a
soi I.

(4) The relationship between horizontal and vertical pressures on structures buried in
such a soi I.

STRUCTURAL DESCRIPTION:

The simulated structures consisred of 43 devices, each of whiCh was a rigid cylinder
having one rigid end and one deformable diaphragm end. Different thicknesses of
diaphragm were used, a"d the devices were buried at depths ranging from 0 to 20 feet.
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NEOPREME GASKET

CLAMPING RING 24" D.O. I I" I 18" 1.0.

..L:'132 Dlam.HOLES

ALUMIN..JM DIAPHRAGM (24"dlam.)
see TEST LAYOUT far Ihickn••

FLANGE PLATES 23!" 0.0. x I" x 18" 1.0.

SPECIAL MACHINING ONE FACE

DRUM WALL ROLLED FROM 24" I .(' PI.
I 1'1 ~

TO I -II~ 1.0. CYLINDER AND BUTT WELDED

---- STI FFENERS - 2 r I -i" I 22" PI.

.r---16 - I" HIGH STRENGTH BOLTS

J~~~iiii5i~~iiiiiiiiii.!Lo--_ III II
~ I 23 Dlam. STEEL PLATE

CONTINUOUS WELD

SECTION A-A

SOIL CHARACTERISTICS:
Sand with the water table from 3.5 to 4.5 feet below the ground surface.

PREVIOUS TESTING:

Similar cylinders with a deformable diaphragm were test"!d in Operation Plumbbob,
Project 1.7 (WT-1406). (See text poge 109)

SIIOT:
Name:
Type:
Yield:
Height of Burst:
Dote:

"Koa ll

Surface
1.3 MT
zero
12 May 1958

"Cactus ll

Surface
18 KT
zero
5 May 1958
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LOADING:
( Overpressures at ground surface)
Shot "Koo":

Precursor:
Main Pulse:

Shut "Cudu,":
Precursor:
Main Pulse:

None
Rise Time - essentially zero
Peak Overpressure - 240 psi

None
Rise Time - essentially zero
Peak Overpressure - 304 psi

•

SU'\'IMARY:
On the basis of a very limited amount of data and in view af the apparent presence of
a large water-transmitted pressure pulse, the following conc;lJsions can be ffiCida:

(I) Far a soi I deposit consisting of loose beach sand, such as that found at Eniwetok
Proving Grounds, there is cO"1siderable attenuation of an air-induced, ground-trans­
mitted pressure. This is true not only above the water table, but also for at least a few
feet below it. The presence of the horizontal water-transmitted pressure obscured this
effect at depths greater than that. The amaunt of this attenuation in the sai I deposit
is approximately the same as was found in the ton silt deposit at the Nevada Test Site,
which was abaut 20 perce'll in the first 5 feet of depth.

(2) The difference between the positive-e>hase duration af a ki laton detonation and
that of a megaton detonation appears to have no appreciable effect on the attenuation
with depth of on air-induced pressure in a loose beach sand deposit, such as that found
at Eniwetok Pro',ing Grounds.

(3) Where the air-induced pressure predominates, the horizontal pressure is much less
than the verti-:-al. At the Eniwetok Proving Grounds, the ratic of these pressures was
about 0.50 at all depths from the surface down to a few Feet be low the water table.
Approximately the some value was found at the Nevada Test Site during Operation
Plumbbob.

Where the horizontal water shock was predominant, the stress state in the soil was
appraxi!l1ately hydrostatic, which was to be expected because undrained saturated
soil beraves much like a liquid. No conclusions can be drawn regarding the stress
state in a saturated soi I deposit subjected to strictly air-induced pressure, because the
horizontal water-transmitted pressure exceeded the air-induced pressure at depths
where a hydrostatic pressure would be expected to exist under air-induced pressure
loading,

(4) The flex,biiiry of the diaphragms has a considerable effect on the pressures acting
on them, whether they are located above or below the water table. When the overall
cOIT'pressibility of the drum is much greater than that of the soil it replaces, the pressure
on the diap!-'ragm is materially less than that in the soil surrounding the drum. This
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difference can be more than 50 percent, and is almost complete Iy developed in a depth
of buria I equa I to the span of the drum.

(5) The f'!!uhs of the Hordtock rest =g,ea wl!"h th~ theOfY deveh:;:n.:d in the PlumoboD
Project. However, this theory includes a number of simplifying assumptions and some
fairly crude approximations. Further study is required to refine the onalysis.

SUBSEQUENT TESTING: None
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OPERATION: Hardtack

PROJECT: 3.2

STRUCTURE IDENTIFICATION: 3.2a, 3.21.>, 3.2c, 3.2d

CROSS REFERENCE INDEX:

EARTH-COVERED AND SEMI-BURIED STEEL - Semi-Buried
Corrugated Steel Arch Shell Structures

REPORT REFERENCES:
WT-1626
Defense Atomic Support Agency
WoshingtOl' 25, D.C.

LOCATION: Helen, Irene (Bogairikk I. ), and Yvonne ( Runit )
Eniwetok Proving Grounds

OBJECTIVES:

To determine failure criteria of underground corrugated steel arches under loog-durotion,
high-pressure loads.

STRUCTURAL DESCRIPTION:
;:our corrugated steel, flexible, arch shell structures (3.20, 3.2b, 3.2c, and 3.2d)
with 5 fep.t of earth cover

Structurt: 3.2d ( 1 gage) had a span of 38 feet and a length of 40 feet. The other
three structures ( 10 gage) had spans of 25 fect and lengths of 48 feet.

STRUCTURAL DETAILS: (See Pages 190 and 191 )

SOIL CHARACTERISTICS:
Coral sand - fine to coarse sand with some fine gravel.

PREVIOUS TESTING:

Similar structures were tested in Operation Upshot-Knothole, Project 3.15; Operation
Teapot, Project 3.6; and Operation Plumbbob, Project 3.3. (See text pages 70, 95
and 127, respectively.)
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STRUCTURAL DETAIl.S:

'"I"\.
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L .1L J

71

~==- -~

PLAN
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38"0"
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I
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SECTIONS

3.20, 3.2b, 3.2c - 25 foot span structures

3.20
3.2b
3.2c

A

5.0 feet
3.0 feet
I .5 feet

B

12.0 feet
14.0 feet
15.5 feet
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/1

r- ~-----l

I I
I : I
I <;' I- ------- --i'O'I -<0 ro-- ~

I '" I
I 40'.0" I

~ -1

b

64'·0"r- -,

[-l~
96'·0"

~----~_l__~=I====b,--l~:-.---
----z: GZ D"'"

SECTIONS

3.2d - 38 foot span structure

191

ka



SHOT:
Structure 3.20 was tested in Shot "Cactus". The others were tested in Shot "Koa".

TEST LAYOUT:

Nome:
Type:
Yield:
Height of Burst:
Dote:

N 108,000

LAGOON

IICactus li

Surface
18 KT
zero
5 May 1958

IIKcc ll

Surface
1.3 MT
zero
12 May 1958

OCEAN

YVONNE

~.

I

l

Site Plan - Shot "Cactus"

OCEAN ~ &d

Site Plan - Shot "1<00"
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LOADING:

Peak Overpressure:
Duration:

3.20

\/0 psi
0.40 sec

3.2b

78 psi
1.6 sec

3.2c

180 psi
1.2 sec

3.2d

100 psi
1.52 sec

SUMMARY:
Structure 3. 2a collapsed on the side away from ground zero. The collapse apparently
began with bearing failure of the shell plates at a bolted horizontal seam, approximately
5 feet above floor level on the collapsed side.

Structure 3.2b collapsed completely and filled with sand. The collapse appeared to
be symmetrical about the crown.

Structure 3.2c collapsed completely, with the crown touching the floor of the structure.

Structure 3.2d collapsed corrpletely and filled with sand. The collopse appeored to be
symmetrical about the crawn.

OTHER REMARKS:
The result. of this experiment indicate that it is necessary to consider the response of a
flexible structure basically as a soi Is-structural problem rather than a structural resistance
problem. The related experiments in Nevada (Operation Plumbbob, Project 3.3) had
different soil characteristics; therefae, they are very difficult to correlate. Consider­
able study is recummended to reach an understanding of flexible structure-soi Is inter­
action problems.

SUBSEQUENT TESTING: None
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LOCATION:

OPERATION: Hardtack

PROJECT: Test Support Station

STRUCTURE IDENTlFICt,T10N: Statian 1311

CROSS REFERENCE INDEX:
TEST SUPPORT STATI()NS - Reinfcrced Concrete Earth Covered
She Iter

REPORT REFERENCES:
WT-1631
Defeme Atomic Support Agency
Washington 25, D.C.

Irene ( Bogairikk I. ) ,
Eniwetok Proving Grounds

OBJECTIVES: ( Non-experimentol structure)
Structure used for test support purposes, thus only visual past shot inspections were
made.

STRUCTURAL DESCRIPTION:
Semi - Buried reinforced concrete shelter with 5 feet of earth cover.

STRUCTURAL DETAILS: (See Page 195)

SOIL CHARACTERISTICS:
Coral sand - fine to coarse sand w:th some fine gravel.

PP.EVIOUS TESTING: None

SHOT:
Nome: I:KoolI "Ye IIowwood" "Tobacco" "Walnut ll

Type: Surface Barge Barge Barge
Yield: J .38 MT 340 KT 11. 7 KT 1.45 MT
Height of Burst: zero zero ZtHO zero
Date: 12 May 1958 26 May 1958 30 May 1958 14June 1958

i94



SHOT: ( can't)
Name: "Elder" "Dogwood" 1I0live" lIPine ll

TyplO: Barge Borge Barge Borge
... .,·.1 I nAn VT ")0.., VT 202 KT 2.1 :'"A;TTIt=IU; ~ ....v 1'\ I oJ" I'\.'

Height of Burst: zero zero zero zero

Date: 27 June 1958 5July 1958 22 July 1958 26 July 1958

STRUCTURAL DETAILS:

/
.-'-.- . :-:

PLAN

A . : ";":.. - .-~..-.. ".

SECTION A-A

----- ~------
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LOADING:
peak floor slob

shot range overpressure duration acce lerati on
I t __ .. , I _a: \

( icC; )
, \

\ 1'1;0 ..... I \ ..,~I I \ g }

II Koa II 5,290 42 1.85 6.0
"Yellowwood" 6,480 11 1.55 0.4
"Tobacco" 6,120 1.9 n.R9 0
"Walnut" 6,480 28 1.98 3.5
"Elder" 6,120 23 1.80 2.3
"Dogwood" 6,120 13 1.55 0.6
"Olive" 6,120 9.5 1.38 0.2
IIPine~ 7,670 27 2.30 3.5

SUMMARY:
The station was structurally damaged mainly from the effects of shots "Koa" and "Walnut".
Shot "Koa" nearly filled the entrance with sand and the plain-concrete floor was bodiy
crocked from both shots. The other shots caused no additional damage.

OTHER REMARKS:
Measurements of eorth pressure and deflection were not made far this test station;
hence, loading and response data was collee:ted only for general information purposes.

SUBSEQUENT TESTING: None
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OPERATION: Hardtack

PROJECT: Test Support Station

STRUCTURE IDENTIFICATION: Station 1314

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS - Massi ....e Reinforced Concrete Semi­
Buried She Iter

This is the same structure identified as Ivy 200i consequently I complete description
and other data is included under Operation Ivy, Project 200. (See text page 44)
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OPERATION: Hardtack

PROJECT: Test Support Station

STRUCTURE IDENTIF ICATION: Station 1525

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS - Massive Reinforced Concrefe Earth­
Covered Shelter

REPORT REFERENCES:
WT-1631
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Irene ( Bogairikk I. )
Eniwetok Proving Grounds

I

i

[j

OBJECT IVES: ( Non-experimentol structure)
Structure used for test wpport purposes, thus only visual post shot inspections were
mode.

STRUCTURAL DESCRIPTION:
Semi-buri"ld massive reinforced concrete shelter with 5 feet of earth cover. One side
with retaining wall wos exposed.

STRUCTURAL DETAILS: (See Page 199)

SOIL CHARACTERISTICS:
Coral sand - fine to coorse sand with ~O'11e fine grovel.

PREVIOUS TESTING: None
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STRUCTURAL DETAILS:

.c:=ap" GZ

PLAN

SECTION AwA

I

I

SHOT:
Name: "Koa ll "Ycllawwaod" "Tobacco" "Walnut"

Type: Surface Barge Barge Barge
Yield: 1.38 MT 340 KT 11 .7 KT 1.45 MT

Holght of Burst: z~:-c zzro zero zero
Dote: 12 May 1958 26 May 1958 30 May 1958 14 June 19513

Name: "Elder" II DOCJW oorI" "0Iive" II Pine II

Type: Barge Borge Barge Barge
Yield: 940 KT 397 KT 202 KT 2.1 MT
Height of Burst: zero zero zero zero
Date: 27 June 1958 5 July 1958 22 July 1958 26 July 1958
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LOADING:
peak fl()()( slab

shot range overpressure durotion acceleration
( ieet ) ( psi ) ( sec) (g)

"Koa ll 5,300 42 1.85 6.9
"Yellowwood" 6,700 11 1.57 0.4
"Tobocco" 6,340 I.R 0.91 0
"Walnut" 6,700 27 2.00 3.2
"Elder" 6,340 22 1.82 2.0
"Dogwood" 6,340 14 1.57 0.6
"Olive" 6,340 9 1.40 0.2
"Pine" 7,890 26 2.32 3.2

SU.·.~MARY:

The only damoge incident to the structure occurred during shots "Koa" and "Walnut".
The retaining wall integral with the front wall was severely damaged by the face-en
air blast from shot "Koa;' and one end of it was later destroyed by shot "Walnut".

OTHER REMARr.:S:
Measurements of earth pressure and deflection were not made for this tesl station;
hence, loading and response data was collected only far generai information pUrp06es.

SUBSEQUENT TESTING: None

200

w J



OPERATION: Hardtack

PROJECT: Test Support Station

STRUCTURE IDENTIFICATION: Stati on 1526

CROSS REFERENCE 'I"DEX:
TEST SUPPORT STATIONS - Massive Reinforced Concrete Earth­
Covered She Iter

REPORT REFERENCES:
WT-1631
DefenSe! Atomic Support Agency
Washi ngton 25, D. C.

LOCATION: Irene ( Bogairikk I. )
Eniwetok Proving Grounds

OBJtCTIVES: ( Non-experimentai structure)
Structure used for test support purposes, thus only visual past snot inspections were
made .

STRUCTURAL DESCRIPTION:
Semi-buried massive reinforced concrete shelter with 5 feet of earth cover.

STRUCTURAL DETAILS: ( See Page 202 )

SOIL CHARACTERISTICS:
Coral sand - fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:
Nome: IIKoo ll "Yellowwood" "Tobacco'l "Walnut II

Type: Surface Borge Barge Barge
Yield: 1.38MT 340 KT 11.7 KT 1.45 MT
Height of Burst: zero zero zero zero

Dote: 12 May 1958 26 May 1958 30 May 1958 14 June 1958
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SHOT: (con't)
Nome: "Elder" "Dogwood" "Olive" II Pine I!

Typ~: 3arge Borge Borge Borge
Yield: 940 KT 397 KT 202 KT 2.1 MT
Height of Burst: zero zero zero zero
Dote: 27 June 1958 5 July 1958 22 July 1958 26 July 1958

~I27~O"

1'~f-o, "":2:':15:""'O:::"_'_~_-=-I~d..'++ :.::le_·-6::.."__....,

Ji¢:.... ,.:::::.e::=::~~:r::=t+.~I·-O~"::E:2~~:z(
~ I,.Ii

c~

<~ •.: :91 "0 I
~ ~, ~

?

STRUCTURAL DETAILS:

<~~e··,..... :;,/" ~i:;,<· .:L...:..,.....,..:.;..~.'"j.,...\~~.:...:~"T.:.......~j~;:"'!:r~~!"'·!l..".6~<..~,Fe9

PLAN

LOADING:
peak

shot range overpressure duration
(feet) ( psi) ( sec)

IIKoa ll 5,360 42 1.85
"Yellowwood" 6,510 11.5 1.55
"Tobacco" 6,140 1.9 0.89
"Walnut" 6,510 28 1.98
"Elder" 6,140 23 1.80
"Dogwood" 6,140 13 1.55
"Olive" 6,140 9.5 1.38
IIPine'1 7,720 28 2.30

floor slob
acceleration

( g )

6.7
0.4
o

3.6
2.3
0.7
0.2
3.3

SUMMARY:
The station received no damage from any of the tests.

OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, loading and response data was collected only for general information prupOSf:S.

SUBSEQUE NT TESTING: None
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PA.~T 2

Discussion and Correlation of Tests

Part 2 contains a s",ries of charts designed to show quickly and graphically the
re lotion between simi lor tests, and are so arranged that positive trends in
struch ral response become apparent. A general discussion and recommendations
are presented.
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CORRELATION OF TEST RESULTS

The following material will concern itself with correlating the information ubtained
from the weapons tests, and comparing the dynamic response of the structures in­
vohied. Th" <.;o""letion will be presented in two ports: (i) by charts showing the
pertinent test data and significant results, and (2) by a general discussion of struc­
turel response characteristics.

LJnfnrtlJnntely, the discussion will be limited. Due in purt tv tho:: o::xf'lulaiory nature
of many of the tests, the restricted scope of the project gools, and the erratic
nature of explosion pheno,T,EI1a and resulting data, much of the information does not
permit correlation. As a result, only general conclusions can be drawn. It is hoped
thot future investigotions will allow specific, detai led comments.

The charts, which follow, are designed to show the reader quickly and graphically
the relation between similar tests, and data ore so arranged that positive trends in
structural response become apparent. As it is impossible to record all available
data on these charts, the reader is referred by page number to the more complete test
description in Pod I of this report, and if then necessary, to the original work.

LIST OF CHARTS

The following is a list of the charts in order of presentation:

I. Buried Corrugated-Steel, Cattlepass Pipe Sections, Shown as a Function of
Depth of Burial.

2. Buried, Circular. Corrugated Steel Pipe Sections, Shown as a Functian of
Decreasi ng OverpresSl ro.

3. Circular. Reinforced Precast and Monolithic Concrete Pipe Sections Shown
as a Function of Overpressure.

4. Steel and Concrete Pipe Sections at Constont Depth of Burial. Shown as
a Function of Overpressure.

5. Earth-coverl'rl, Flexible, Corrugated Steel Arch Shelters.

6. Buried, Semi-B'Jried and Flexible CorrlJgated Steel Arch Shelters.

7. Comparison of Earth-covered Steel to Buried Steel Arch Shelters.

8. Buried Reinforced Concrete Arch Shelters

9.

10.

I 20.1

I

L &

Buried, Reinforced Concrete Rectangular Shelters in Operation Plumbbob.

Other Buried Reinforced Concrete Shelters of Rectangular Construction

•



DEFINITIONS

!n reeding the chorts, the following symbols are used and here defined:

• indicates a value estimated by the writers of this report .

is used to indicate that the value or situation is the some as the (,ne
shown to the Ieft of the arrow.

I 2

Earth-covered Structures: Structures founded at the original ground surface
and covered with earth to provide a layer which closely approximates
the shape of the structure itself. Such structures are drag loaded as well
as loaded by overpressure.

Semiburied Structures: Structures covered with earth such that the horizontal
top surface of the berm extends pa:t the sides of the structure to a di3tance
equol to or greater than the height of the structure plus the crown cover.
The crown cover is seldom greater than the half height of t!-:c :;ti'ucture.
Drag loading is essentiolly eliminoted, but little attenuat;on of over­
pressure is experienced.

Buried Structures: Structures buried at a depth such that arch action of the
soil is expected. Arch action has not been experienced for depths of
burial less than the least hor izontal dimension of the structure.

Pso is defined as the static peak overpressure in the shack front.

q is defined os the peak value of wind pressure in the shock front. This value
is omitted in many of the charts as it was not specified in the original

reference.

HOB is tf-,e abbreviation used for Height of Burst.
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CORRELATION CHART
- - -------------_.

Cotegocy Buried CorrugaTed-Steel, Caltlepass Pipe Sectio"s, Shown as a Function of ~epth of I

Structure Steel //'1."1£ d .5'-0"

Cattle- 0'_
pass h'1'-S"

L -- d = 7'-6"
h _. 7'-8"

Op=ratio:1
(Structure/ref. pog.~)

Deto:1otion
(Yield / HOB)

Dista~ce fro·n

gro'Jnd zero

r.);itive Phose

Structural
Response
Mcr.b

Plumbbou
(3.2f.! pp 121)

3~.6KT I 700'

1040'

126 psi /

0.206 sec.

Symmetri col compressi on
and flexural modes.

(3.2m i - ) (3.2a / - )

- -
1360' 970'

60 psi / 149 psi /

0.361 sec. 0.232 sec.

- ---

(3.2c

104)' i

126 psi)
i

0.206 sec

Significant
Structural
DO:T1Ogo and
Additic.nal Co.nm~nts

;

.Flat bottom deflected
inward sl igl,tly.

. Slight circumferential
short .. ni n9 due to
mechanical tokeup in

bol ted seams. ~~o

.other visual dom"gc
to buried sections.

• More apparent damage
t"on to Plumbbob 3.20
olthou!]h 5uh:~r:t..:d it)

lower press;;rc.
Depth of bJriol is a
slgnifi cant factor.

. Minor circum"e, ential
shol tenlng.

. No other visual domage
to buried sections.

-

.Minor circumferential
shortening.

. Change in internal
height was 1'Yo.

. No athel visual dam­
age to buried
~~l:tiun~.

.AII cattleposs sections
uurieo more than 5 I

behoved essentially
the some. Note t;,at
the span of these
structures is 5'-10".

s

.Chang·= i
heiglot Ie
ho If of o.
of the ori

::cig:'1. I

i

I

'1



pass Pipe Sections, Shown as a Funcfan of Depth of Burial.

l d '- 7'-6"

I I TI- h .- 7'-8" - - _ -~o'-o
h -, 7'-3"

L-=- ) (3.20 / -- ) (3.2c / - ) (3.29 I - ) (3.2k / -- ) (3. 2b / ~ )

I'-- - - - - -
-

970'
104J' 1150' 1360' 1J4J'

149 psi / 126 psi / 1::10 psi / 60 psi 126 rsi

. 0.232 sec .
0.206 sec. 0.333 sec. J. :J61 sec . 0.206sec.

....- ---- - - - -
rc~mferential · Minor c ircvmferl "tiol . Chong'" in interno I .Cha"9'" in int~rnal

'9· shorten; n9. height less tha" - ..... - n"ight ap;>ra.(.
visual damage · Change in intprnol ha If of on~ p.~r cent 3/4 0'< on,! f1er cent
sections,. height was 1%. of the original or the original

· No other visual da,n- " ei9:,t. height.
age to buried
sectians •

. A!I cattlepass sections - - - -bL;ri eo iT\ore tban 5 I

h"hov"ri ('sspntia II y

the some. Note that
the span of t!,esc
structures is 5'-10".

~\

\2\
~ -
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COR~ELATION CHART

-
....

(3.211'
.'-~--

(3.2d / pp 12l)

I 36.6 KT / 700'

(34.3-02 / pp 171)
-Plumbbob

(34.3-01 / pp ; 71)

44 KT / 700'(Yield / HOB)

Operation
(Structure/ref. page)

Dp.to"otinn

~g_o_r_y -+ B_u_r_i_e_d_,_C_ir_c_u_i_a_r_,_C_oTr_r_'U_go_te_d_S_t_"_e_!_P_,_p_e_S_e_c_~_;~__"......~_,_S_~._o_w_-,,_-!J~ a Function of Decrecsir-g

Structure ~~;;i' J~:IO"O" _ d '" 7~~-"

I
' h: 7'·0"

----r-

Distance from
ground zero

825' 900' 1040' 1150'

245 / 140 / 126 / 100 /

t-----------+-----------+------------+-----------+---
Posi tive Phas!:' 0.154 sec. 0.160 sec. 0.206 '.ec. 0.333 sa

l----~----~-.--------___1I_--------_t_---------i----

Struc tural
R~sponse

Mode

Unsymmetrical
flexure. -- Symmetrical com­

pression and flexure
(fiatten in9).

Significont
Structural
Damage and
Arldi lionol Comn-"nls

• No sigr.ificant damage occurred.
• Structure was apparently loaded to a small per­
centage of its capucity.

•Me jar portions of the blost load were carried by
the soil by urchinJ. (Notice de,:>lh of burial
compareu 10 spon.)

.More bolts were "s~d in each 34.3 structure
connection in on attempt to minimize 'he

mechanical slippage noted in the joints of 3.2
structures. Double rows of bolts were used (3.2
structures used singl~ rows). No joint slippage
ill 34.351, uclul e5 WU5 lIult:J.

.34.3 structures were tested at Yucca Flats under
natural soil conditions.

· Residuol deforma :ions were a large percentoge of
the ~ronsient deformations altl'ough th~ latter
were sma Ii . ?rogressive failure under repeated
locds is suggested as a resul t.

• No significant damage
occurred.

.Minor slippage in
bolted, lap spl i .. t:>

occurred.

.3.2 strueturE;S were
tested at Frencf-oman's
F lots usinq speciol
(imported) backfi II to
typify more stondard
North Ameri cun soi Is.

.Residual ueformations
were rou3'1ly half of
the t· ~si ent daformo­
tions.

~

I

j
I

I

I

_______J



Stee; Pipe Sections, Shown OS a Function of Decreasing Overpressure.

-------------_.__.__.

-

-

7'-6"d I
(3.2d i pp ,'."-=1.2h i..fl_p_12_1_!__-+- _

36.6 KT / 700'

-
I

~ / pp Ill)
f------.---- ---

1040' 1150'

126 / 100/

_.

-

-

-

0.333 sec.0.206 sec.

Symmetricai com­
pression and fl exure
(flattening) •

.Residual defor",ations
were roughly haif of
t~e transient deformo­
tions.

.3.2 structures were
tested at F:enchman's
Fiots using special
(imported) backfill to
typify morc stancard
Nortf, American sa'ls.

• No significant damage
occurred •

. Minor ~lipPf]ge in
bolted, lop spiiees
occurred.

--

co Flats under

ere carried by
II, ,.,f bd' ial

e percentage of
h the la tter
'lder :~~t.'Oted

loa small per-

~
structure

ize the
joints of 3.2
ere used (3.2

joint sl i p;:>age

1---._----+---------+---------+---------------------------
ec.
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CORRELATION CHART

Categary Circular, Reinfor-::ed Prp~.,~p nnri Monol ithi.: Concrete Pipe Sections Sf'owe as a ru~

Prec

(30.
(Frel

43. ~-

-
-(3.2 I / -4- )

reinforcelllent.

-

-
-(3 .2 i / 001--- )

I
I

St:lndmd concrete sewer pipes witnaut elliptical

Plu",bbob

(3.2e / Pi> 121 j

36.6 KT/ SB i 700'

~3~f- - 9"
8'.0"

Detoration
(Yield / HOB)

Operation
(Strvcture/ref. page)

Structure

1360'

60 i

1150'

100 /

104Q'

126 /

r------------t-----------+-------------jl------------t---
Distance from
grC"Jnd zero

Positive Phase 0.206 sec. 0.333 sec. O. 361 se~.

1------------t-----------+-----------lf------------4--i

I

'l

Structural
Response
MarJe

Significant
Structura I
Damage and
Add; tional CO"Tlrnents

Syrnmetri <:;01
flattening,
fle~'Jr(J1 mode.

.Internol longitudinal
cracks at ceil ing ::lnd
in ccnte. of floor. 1/4"
floor crack, 1/.32"
crock~ in cci I irtg.
C;:,~~;nll-..,r~i:1I ..... , •.

used to typify std.
~(lils. Good compac­
tIon, hence little
f1""ural deformation.

· 5' diam., 8 gage
corrugated slt,,,1 flijJe
entrance section

showed no dO'11Ogc on
visual inspection.

· Dimensional changes
were less tnan 1%.

· Residual deforrT'atio"s
were roughly haif Jf
the tror.si en! defurma­
tions.

-
.Internal longitudinal

I..luLk:> uf 1/3211

widt!. in ceiling and
floor.

_.
--
~--

-
-

~._--

-
. Structure 3.21 at 60 D~i

respond2d in almost the
~orne manner o,d to tr-c

SQ-r.e degree os 3. 2i ai

100 psi.

Uns
fie"

I

.Mln
~)Url

':!ltl

cra

to r
.Wir
,on

0' t

No
~nt

ind
wol
war
Tni

has I
1001
,.par~
for I

. I
pip

I

I

I.- =



ond Mor.alithie Concrete Pipe Seetiam Sbawn as a Function of Overpressure.

- ~
-~'O'

-:::::.=:.. lO"
_ 7'·2" -

i'hout e! liplica I reinfarce,r.ent. Precast rings Mo,afi t;"ic constructio ...- -I - ) (3.2 I .I ~ )

F= ---
1360'

/ 60 ..

~ sec. 0.31;1 seo.

(30.611-2/ pp 14<;)
(French S~elter)

43.8 KT / 7eO'

900'

160 /320

0.24 sec.

(30,7 CAa / pp 1(5)
(German S!-'elter)

-
160/320

(30. 7 CAb / pp 16:»
(German Si,eller)

--
1000'

115/280

0.26 sec.

---- ~--

Unsymmelr ico I
f IeXJra I rnode

Symmelrical flexural
mode --

21. ~

\._-

(

I
--.

· Minol Uu'noyr: e)(cep~

lo~xpo~ed ",m"rgeney
exit h,otch.

.,Vl.inor, symmetrical,
10'lgiludina! cracks in
t 10or c'ld cei i In9 .

· Minor, center-span
era c~ runn ing up the:
Iloir 01 Ihe enlryway
(reel. co,s!.)

· Wind and missile
erosion to ;xposed
paris of enlry .

I

• Minor damage to
buried mano ' ithi c
enlrywoy, exlensi.e
cracking and spoiling
10 ;:>recost rings.

•Wind o"d missile ero~­

ion 10 ;xpo~cd parts
of entry .

. No impending collapse.
[nn-yY/ay Clack patterns
indicate thai the enlry
walls were forced O')t­
ward into tne soi I.

. This si te (Yucee Flats)
nos cho,aeleristically
loo;er sai I Inon Freneh­
man's Flats, I"e si Ie
for the eO'lcrele sewer
pip~s shown to the left .---

. Struckre 3.21 at 60 psi
reSI"')ond~d in aimost the

so~e ~cnrer aid to t~e

sa'H~ degree> as 3.2 i at
100 psi.

-

I-·------+-------+--------+----------+--------r --------
nul !ongitudir.al
kl of 1/32"
h in (eili",) end

2::>9



CORRELATION CHART

Category Steel and Concrete Pipe Sections at Corostant Depth of Burial Shown as a Function c

Structure cancre~" Circular Steel
CorPipe d=7-6 Steel d =c 7' ··6' Cattle- d= 7' -6'

9"
Pipe h =c 7'-0" Pass h-- 7'-8 11

h=81
..0 11

'-'---L- 1-
Operation Plumbbab - --(Structure/ref. poge) (3.2e / pp 121) (3.2d / - ) (3.2c / - ) (3·1

Detonation
(Yield / HOB) 36.6 KT / SB / 700' - - I
Distance from I

ground zero 1040' - -- 115
1

pso/q in psi 126 / - - lOU
I

I

Positive Phase 0.206 sec. - .... ---
0.3

Structuro I Symmetrical com-
Response pression and Flexura I - -
Mode Mode (flattening)

Si gnifi cant . Internal longitudinal None .Change in height
.Inte

Structural crocks at ceiling and in was 1('55 than holf of

'oolDamage and center of floor; 1/4" one percent. era
Additional Comments floor crock, 1/32"

cei I

I
crach in ceiling. . Nu ~iy"ifi.. u"t . Spe

.Special backfill and structural domage. usee
good compaction was stan
used, hence, Ii tt Ie

hen
flexural deformation.

defe
.Dimensional changes - .Dim
were less than 1~C.

.Residual deformations
wer

were roughly half of the - - . ~esi
wer

\{'
transient defort:"ations.

the
General Comments mot
Steel sections were subject tl:' orch shortening to 0 degree not appreciably
greater than the concrete sections.

\ I \
The concret;; pip.::;, "" .."pi ui ii,,, 100 psi locations, did not exhibit appre- I
ciably greater stiffness than the steel sections. At this depth of buriai, if
would be expected that membrane action (syMmetrical comf>ression) would

l~ be most effective in resisting load. Concrete exhibits flexural darrage more
graphically than steel at these flexl,;ral levels.

i

I

k.u 5

I
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-

onstant Depth of Burial Showr. as 0 Function of Overpressure.

Steel Concrete d = 7'-6" Circular d = 7'-6" Cattle- d ~ 7'-6" Concrete d ~ 7'-6"~-6" Cattle- do~ 7' -6"
h = 8'-0" Steel h = 7'-0" h = 7'-8" h'" 8'-0"-011 Pass 11= 7' -8" pass

~
I- - --- - - - No cit

l- ) (3.2c .I 4--- ) (3.2j .I -- ) (3.2h / - ) (3.2g / - ) (3.2 1/ - ) pipes,
this iOI

I- -4--- - - -- - ,--- 1150' - - 1360' !

100/ 60/

I
I- - - ,.

r - 0.333 sec. - - O. 361sec.

I- ---- - -- - -
.

. Change in height • Internal, symmetrical . None .Dimensional changes · Internal symmetrical,
wos less than half of longitudinal, 1/32" were less thon 1/2% longitudinal, 1/32"
one percent. crocks in floor and crach in floor and

. I'-Ja significant
ceiling . cei ling.

. Special backfill was · Special ba~di I j wu•
structural dama!]... used to rypify the uSf'd to typiFy th"

standard conditions, standard conditions,
hence, little flexural hence, little f1exurGI
deformation occurred. deformation occurred.

- . Dimensional changes · Dirrensional changes
were less than 1%. were less than 1"/0.

I- - . Residual deformations .Residual deformations
were roughly half of were roughly half of I

the transient defor- the transi"nt deFor- I

:-6\ I

mations. mations.
eni "g to a degree not apprec iab Iy · This strucbre ot 60 psi

responded in alrr.ost the

~si locations, did not exhibit appre- <omf> "'anner and ta the

\ L\ same degree as 3. 2j a;rom, .. 'hi, d.p>' of b"iol, i,
100 psi.n (symmeH col compression) would : .. J

crete exhibits flexurol damage more \,_.--
I levels.

!

I

~e tt .. =



I r
d ~ 7'-6' Concrete d ~ 7'-6" Cattle- d =7'-6"

I

h=7'-8" h =8'-0" pass h =7'-8"

I

No circular Steel -I-+--- - Plumbbob
It - ) (3.2 1/ - ) pipes were tested at (3.2k / pp J21)

this ranae.

- - - --- 1360' -
I

_.
60/

I -
~,,_.

0.361 sec. ---f.---

-- - --
one I changes · !nternal symmetrical,

.Dimensianal changes

~s thon 1/2% longitudinal, 1/32"
were less than 1/2%.

Clocks in floor and
.No significant struc-

f':pilina
tural damog<).

· Special backfill was
used to typify the
standard conditions,
hence, little flexural
deformation occurred.

· Dimensional changes
were less than 1%.

I
· Residual deformations

I
were roughly half of
the transient defor-
mations.

-.
· This structure at 60 psi \~Iresponded in olmost the \ i
some manner and to the \ \
~UI!I~ Je!JI12f: CJS 3. 2j at \ -.II100 psi.

\ \
~

r--
210
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CORRELATION CHART

Category Eartr-covered, Flexible, Corrl;gated Steel Arch S!'el ters.

Structure GZ. (lyP) ! Wind eros'on I Berm ro"orked I
~3'-d1~prOViOUS.. Irom previous~
2~ . ~t ,~,,r:;;;;; . "'c4" lesl - . eo .,."

• .',.. lOgo l"'·B~',.-.k "' - -:.'!JlJ ~"'I--" ~
~~/~~./,- _. - ~ ~-_ ..... j 6 7ll!f'l~f!..'- - -"'6 • - - . , - - 7?.<.,'~i/'"

Operation Upshot-Knothol e Uf»hut- Knothe)1 e TeJ?~t - S:rne Tel
(Structure/ref. page) (3.15 / P? 7~ sa'l1e structure as 3. 15 stru::tv:-e .:1) U-K 3.15 (3.

Detonnrion 26.5 KT / AB / 2425' 14.9 KT / Sll . 524' 22.0 KT .' 53 4,))'

(Yield / HeB) (May 8, 1953) (May 25, 1953)
I----- I---

Distance fram
2700'g'aund zero 228)' 2).})' 15~

-~
Pso/q in psi 10.8 / 4 3.1 / 7 witi, 11

,
3;) 30 1, ,

4 psi pi e:u rSOi
1

Positive Phase 0.70) sec. ).4)') sec.

SfIV(.iulu:
Asy,nmetrical fle<ure Little info-motion :s A>)'m~'t:l1 icCl! flex'_'L' IResponse

ov,]ilab!e dlJc ~o 10>5
Mode

of deflection :10~"'·.

.Cc
Signi f ica:1t .Arc;, re:naincd e:astic .Crown defle:te.:i up- ,T rivia! ucfll:~tio";,, co
Structural but e,;o walls d"fle:ted ward (tra'15i C'lt and sic
Darra~e and ;nward e,(tcnsive!y. re,idl;cdl, c.)nplctely fie
Additional ComrT'ents · Minor o~cr .:ontra-:tiurl e!astic (l'ch re>ponsc, L.II

cr.curred :lue to joint 101
slip,Xl:!". . Th~

· fj,;i Iding re>po:1d"d - ze
with one major lurch ,

"II'
and rebo,mQ i 011 owed oc
by tr;vial, dompd P'E

osci Ilations. :;0
· E'1d walls were .....c·J'.:p;;1 . Fo

po··t. on

· S'ructures of th;s type OC]

\~
..... ill probably withsland be

ove"pre;sure> of 3:J to be

3.5 ;:lsi. S'l
,

II \
· Dcfi('::tic:1~ C,JprOA;- rnj

motea o:Hnped rm""on:c ;:~j
motio:1.

I~ · High lecNorr:: 50:1 .50
pr<-ssurps sU;J-:;e<t nigh he

passive pressure~.

I

II

I

I
J~ --FE--



S'eel Arc l , She'ters.

(Made I No.3)

-
steel

(Model ~

2000'

c:. "'I ;,~:"

19

----r

64

-

19

2000'

(Moce ~ No.2)

1500'

30 / 180

-

Te.)::>::>~ - S:rrc Teapo' Teapot 3.6
3. 1.'; s,',":r,n? J; U-K 3.15 (3.6 / pp 95) (Model No. 1)

2d' 22.0 r<:T .' S3 '4))' - --
23JT 1500' 1400'

i 1 / 3;) 30 / 170 35 / 200

1---.+--------+---------+---------+---------+---------+_.._--
Asyrr:rrctr i co! flc-"v.-e -- -.-- .......-.- ----. 1

Analnis
tian rc,,-
0.25q.

.Collaple.\'.'ith~lood the hlo~1

loads bu! uncle, wen'
£'xtcnsiv£' rruwn de­
f1", tiom.

. This "'ad.. I withtoad
dYI\U!lli( d~fll;'l. t;01!~

or rrO'l' t;'on 4 lirr.L'~

th:~ valli!' at whic;l

statically loaceu
lubarato' y n'adcls
fai i,·d.

.~cs;d"al deflc, tion
was 15";, of H'e heigh •.

.CColiapsed, po' tial 1y

due to wot", i nundo­
tion from bu,st tonk.

. T',is model was dcsi!Jr.t·,j
~o 110"f.: ~lf<':~St.:~ idc:nti­
col to those of tl-e full
scale structllle (3.6)
ot the !.orne lange.

!
\

\
I

,Collapsl:u

. Boc<fi II on a II clode Is " s not compac ted.

· Complete asyrrmericol
collapse with windward
side of a"ch touching
floor. Dynami c press­
ures were considerooly
larger than predi cted.

· The lee gages r~ corded
Zl"ro totn I pressurl"
whicr seems to be char­
acteri stic of drag
pressures greater than
50 psi.

· For ex treme :lrag loads
on drag sensitive struc­
tures, the peigh! shovld
be decreased, soil shaul",
be compacted, berM
should be widened,
corrugati on shau Id be
deepe ned, stee I gages
should be increased.

· Sci I was c(Jmpoc~ed '0
heigh, of 8' ""I y .

I

I
4j

,

I

I 1

I

I

~~.-------------~._--_!

~I)­

d
h-I y
mt·.
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rl I
I l ol"m'o,:-- - -, . I .

s~ee , a I U~ I n:..:~!~ "':IVrnln'JIY.

I-- - --- --- -
NC). 2) (,Vade I No. 3~ (Model No. 4) (Macel No. 5) (,V,odel No. 6)

-- -- - - -
2000' 2000' :>500' 3CCO'

180 19 64 19 ,I 64 9 14 8 2

t=
I
--. -_. ---- --- 04--- -

~", I'"' """.
. \\/;th~to(Jd 'I'~ :"10'1 .Co!lops~d .\Virhslood IUI~L' . Little 'ii~ln;.ir_ apt

wott'l inu!'na- lomi; bilr ""de' we,,! dcflettiom. oory'oge
:,')111 I'visl to·l~_. (·xtensivc crown de- .Rcsid"ol Jt·i1." riol' .Residual deflecr;oll\

'1ec ';Ol'S. W(JS 4":. of 1"·;9',t. len 1\'011 1 1 '2":· 01
the hright .

:><ll·1 W(l~ dl.·sig':"d . Inis model withsrood
Ie 5' I l'SSl'~ identi - ' . deflectionsoynurr.lc Analys;1 01 'he rr.udels whith Jiu "01 Lol1apk' ir,dico~rs tho! ihl' dclle •. -
tfosc 01 rhe lull 0; mOTC than 4 t i ···..H~S

tion ((·"<CL.r~ion of ti'e clown) is crOll' a direct lunction at q than p +
trlJCtve (3.6) ·re vol:.Jt.: o~ which

0.25q.
son~c IOf1gC. stoticolly louJ"J I Il"bOlotor) 'rode Is

I:::i led.

.RCS;C:liO! dcflc( t;on
r----")

I

was 15c~ c' rl:" h,,;g"t.

I~!
I

I

Irm'"d" .
.... - -.-_. -- - I..",'

i ~'

I I
I

!
I:

. ---_. I

I
I'

I

1

I'
I

1-



CORRtLATIC'1\J CHART

Category

)trL,crure

Operatic .~

(Stl·i..i\.. tUIC/I~! .

Detonation

Pso/q in psi

poye)

36.6 KT S:l

-4-'--

-

Steel Arch Shel tels.

~;::~j'~"~:;':~
\::.-Jt tn..;' stei~: rib~.

-

).~

Positive Phose

St, uC~ural
Response
Mode

Significant
Sl'uctu'ol

Damage onJ
Additional ComlT'cnt>

).:13.3 5"(.

S/·IH~It·tlil.:d c.)·J1­

~)ICJsin;l UIlJ flt·xlJrt·
(flolh""".I)

.I\'\inu, .... 1 u ..... i "., ')'."_1)11 ('.1
ill -!.t' Flo-;; :.,Iu!) .l'J'_: !u

fti{.tiuillJ~ dluj f'u·n thl'

Ju,vnword 'nov:n I

f ....... )~inJ: ..

. J,):n~ slip).) Jt~ :n lht'
I!~ll t(,j '.:'1);1.11' - t i 001 ...

of tl:...· 'J ..... ;: ""u::. rH.; Jl

1 8" to 1 d" ,'J ,"

jJ:n' ,
. AVL"·JJ·: fo·j!i'i-l ·j:s­

P~:J_f~·I1t..'nt w~;.. Ie,,';)

t!IU'l :3" ;';:,)'vnworJ.

),3.;) sec.

-
LI'.J ......

. J()i'l~ o;li iJ , 1 'J" -Nn<. Ip.("

t:·{) I 1 '0' ~'.J.:, ir,:'l ~ .

.AVUQ.,I'..' ~o,j!in:l ·J:5­
,)'0 _,. Ill'll l wos ic'.s

t;,u', 1 1 2" J'Yvnwo'(J,

-
--

,Nil .iUl1ificrJ'l'

~II u tv (J I d,J.IIUV'

. T;n' r.-,.)~ir!~~ d:~;JI~: .

tl~:: ':':1 :H: O'lI~~J~l" ~r.

~trL':lu e 3.J ..

,I

I

1. Til'~ ;':}:I o' th,! r:Li'r,~"v" ,itl' (s~·.·:;o' i"lf'O h,d !),,:,,'ill) wos C'j;l­

~iuc:a;)IY s~':tt:; t··u~) ~I:..:' :')'0
1 u_"J:'l s'),··j "J"Jc:J '(..;1- t:l~ rlo~(;"o:~ ~tr'J~­

~u!e.) s...o'v~ to th~ ;ig!i:. III u--J,ftio.1. t~)...:' j'j:o+i::>.--::. Jf p')'~itiv,: ):HJ,'

Ne·c ·r,ar~ •.::i!y J;ffe:-e··l~. Fl).- tr";'~C 2'J-.~-"'::', C'J (: s'hJ./d ~J": ..}.){;IJ Ii:

C'.Jl~fJ).-in:J ti'~:r stru·:h.;o~ re·..J·)' .. f: ::~("h:l-:tL·i~tic,>. 4



----(3.2b / -

18KT / ze,o 1/3 MT / CSB / zero

980' 320(" 3950' 4470'

Jt) J 90/ 180/ 100 / 78 I

Symrretr ical flexurel
fai lure

1S'-'c.

--
0,40 sec.

Shearing fail".e

followed by
flexult'

1. 2 sec.

S).'''''~etr ical f1exu,al
failure with localized

sh-ali ng fa' lur es

1.52 Sec. 1.6 sec,
-----1-

----

(' (~:J .. _~~jl i;:l:JC-~l';J !x::::~~il;; WO) (t_)-~-

ro l
b,'J:::'l SJ'>; J-,eJ 'UI" !il;"" ;~u"'d·r.::~ ~~!,J:'­

1(1 J.j:tiu.1, t!, ....- j·..;.-a~:GI~" ':)~ p.)·.itiv.- )~;:.J;t""

fo. '":-",;;:" :~:Y~' ('J-t.: S"':""J~; ~~.: ........ ~.j :i~

Ie',,' ".e' ."".:): 'c, :st:c,.

.So'ne 05 3.2c ((orr.­
plde collapse).

degree.
.t'rc-test boc;.diiling opt:1o­
"ion ~·)IC';\:~ .:Iv ....'fi vfJ 2"

I (6%~ ~~d, I~o':'~e i'es i n-
word 0 . l4 ... ·oi.

,C'own hod; nsu[fic ient
cover ~c provi de rrerr.­

8!cr:.e cction.

.Comple'e S).'~lrre'';lal .ColTlplt>te, syn'lT'errieal
flexli'al I ollapsl' with flexurol collapse with
crown rrO'/ing downwu!J, crown n~ovin9 upwo,d,
i'aund'es outwo,J. haune l,c5 inword.

,1\, ( I, sl:cets ot >l;PPOI t
tOI L' oway hOfTl trc

fO ·:.Indotion h y rtJ,hin~

ClJ~WIJI d. No uthcl evi­
dence 0' locolized fail­
ve ;n bolted conneL­

t;ons was fou"d,
.Fai lue 0; the end we! Is
t:~fcc"ed r:"le ~ht.:r.~~l: of

~he or ch to Cfl vn~nown

phose.

1. The t:xt~nt of t:l~ JC'T:age was cii't:LHy piO­

porfionol to !he durotion 0'- the positive

4, The Ha"olock s:r"ctu,e, I'ad did 'Ioo:·s.

2. No evidence cI d, 09 !OOding wo. four'd,

3. TIle corol beocl: sana usee in bcc:t-';llin~ th~

S:'ruCfU:T:S ~lad deficient properties i~ dcrsi~y,

cohesion, si'ear s':'e'1g~", eno co·"p,lClabi;ity
whcf" cornpared to 50;:$ fo ... nd in nOf!nol sitt.a­

ticns.

Ge'1c'ol COm'1'ents on 0F,,:,otio'1 Hardtack

.Collapse was initiated

by fai lu'e in bearing
at bol teo Sea~1 opprox .

5' above the f100' Ii ne
on the lee ;i de. This
was fol!ow"d by (0~1­

plete flexlJIol collof"" ,

. f'J t) • i ~j1~ i ~ i C':)"l •

.... tl" _t~: (J! d:";.lIu~:,'.

. T:I.' fo.)~;n'J~' d~s;.)a~f!j

,!l'" ';., '1f-' a·rC':....'·1~ c·,

t '-I i p:)'1 If' -.....(J~ It" ,'..
I:·? J ." !.:J;n ~

a j' ~t:.JtiI1J .J~)­

~illl'nt ·.....os If,-.s

1 I 2 I ";'J'V!~\v(J·d.

,
~.

• I



'::O~RELA liON CHAR:

Category CO'11parison of Emth-covered Steel to guried Steel Arc~ Shelters.

Struct ...Jr€

-
:

, ~'II'-B;;

Operation Pllimbboo Teapot Upshot-Knothvl e
i~tructure/re~ . page) (3.3b , pp 127) (3,6 / pp 95) (3.15 / pp 70)

Detonotior"l

(Yielci, HOB) 36.6 Kl,/ 700' 22.0 Kl / 400' 26,5 Kl/ AS / 2425'

Distance from
ground zero 1360' 15C:)' 2700'

Pi' , 56 , 300 30 / 170 10.8 / 4so! c ,n ps'

I
Posi tive P!1ase 0.361 sec. 0.700 sec.

I St'uctu,a I Symmctr irn I r C,nl- A~ymmctricol Asymmetrical with o:oe
Respo~se p'ession and flex'~re major lurch and reoo'Jr"Ci
Mode flexure (flatteniny) followed by trivial,

damped asci Ilotio!!s .

Significant · No significant struc- . Complete asymmetrical .Arch remained
Slru"turol tural dornag". collapse wi th tre wind- e!astic but (Cld walls
Damage and Nord side of the arch deflected inward
Additia'1al Co-nments · Joint slippage was touching the floor. e.<'ensivcly.

less tran 1/8" each Dyna '11i c pressures Wert'
joint. co~sidcrab!i' larg(;l · End woli5 we'l:

than predicted. weakcs t p:Jrt.

.Average footi"9 dis- · Siruc tures of tn i5

p!ace'l1e'1t was less typ~ will orobably
than 1 1/2" dawnworc. will'stan~ o/er-

I

I p'essures of 3) to 40
· Baci<Fili was well . The backFi II was well ps' .
compacted. cO.-nao' ~d. · Defl ectio.,s a;:>pro<i-

IToted damped ·'.:Jr-
monic motion.

· Higl., Ieewarc 50:1
pressures suggest
high passive p'eSSu,el.

1;;:
Wi

j



CORR~LATiON CHART

Categocy iluried Reinforced Concrete /' 'ch Shel ters.

a;¥
I

IStructure

~~8'_0,,8" --- -
I2v' 10"1" __-.1_

Operatio'1 ?Iumobob --- --- I

(Struc ture/ref . page) (3. Ie / pp li8) (3.1b / --- ) (3.10 / ....- ) 11/

Detonation
I(Yield / HOB) 36.6 KT --- ---/ 700'
j

Distance from I
ground zero 960' 1040' 136J'

P.,o/q :CI psi 199 / 124 / 56 I
/

Positive Phose 0.205 sec. 0.361 sec.

Structura I Compressio', ond
Respo'1se and aopreciable - -
Mad~ a,yrrmctrica I flexure.

S:g"ifica'lt .ObvioJS dia"o"1Cl1 - . Instrumentation
Structural cracks o·:curred in the oro'ted that plan;,
Damage and floor slab. Cracks sections re,nai"cd ,:>Iun~. .C
Additional CO'TIments o:curred on tl-;e i nn~r . Acceleratio'lS of the cr

surface of tl'c a"c
'
, at flo,)' slab were ,ni"o, .Be

tn;:, third ::Jo:nts. .Mino' crac~ing o:cuo<cd c<

. High occclerario"ls o~ ---- but in a ~attern rO);:I"-
th" mnnn'ilhi, flo:>, Iy :iiIJl; :UI 103.lb, c.
siab may be psycho'o-
gically o~)iect;o~able. Q

. Structure was adequate .....--
as a ~~rso"n~1 shelter 5.

Ifl
at 20J ;:lsi o//::rprcssurc.

Gen<:lral Cammenll- --------------
1. DeflectioCls were small cut c.i'rectly ,)'o;)o·ti 0'10 I to the magn i tud? of

6.

O"tC",·prcssure.

2. Bac:<fi II was fully conpacted. 7.
I

3 . Tra'1sient e'Jrth pressures at sane po:nts exceed:d cree field c·terpcessu'csi • ,
; • • I •

~ •..Hface I proGa':>ly d'Je to reflected aCId p'Jssive pressur<:s 8.l sJ or rr..=o fi:O-Jid in
1

the soil.
4. CO'1V:'1t ioCla! blast d:?:iig., pro::ecL:re gave CO'"lservative results.

I

I!

I

I

I

l FE
E
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-
(3. In ---- i

-
-

l
I

~ _.-._. -----

32' .ong

I
I

L
lArch She:ters.

r=-r -
- --b / - ) (3. ;0 <4--

\
I

r - ---
r- 136;)'

/ 56

~ ~pc. J.361 5('C •

--- -
.lnstrumenta!ioCl
pI01"O ti'ol plan.·
scetio,"" re.rain·..d ;:>Iallt'.

. Aceelelotia·l\ of th~

flo)' slob were .nino-.
. Mino· c1:Jcking o:currea
bu' ill (] .:>altern rOJg~­

Iy simila' to J. IL, c.

-
,Crockinq was rrOrt· (')(tl'nsiv~ tllO" ill 3.1 0 with arch cracks ot

crown I athel lI'an 1, d poi nls .

.Bending is still significant, casting doubt an the validity of the
cUln"·,,n design ossump~ion of zero bending .

-

d.
,one po:nts c.(c':~d~ci ',e" fie'd U'fc,p:essule,
1o~ly d'Je to ,crlected J'1d aossive p:es."res In

Gene'ol Comments (contin"ed)

5. As structures We!l' olmos' square in plan, the end conditions greatly
effected arch action. Structure 3.1 n was designed to evoiliote this
effect, and indicated thot the end effects extended inward a distance of
app'oximotely 1 1/2 tirres tne radiLs.

6. The vertical reoct;ons at the springli"" eqeoled the peak overpressule at
ground surface ti"'es holf the plnn arl'O of tr.e arch.

7. Probable location of failLre would be at the spr'nging line dee te large
moments and thrvsts.

8. The residual deflections were roughly half of the transient deflections.

I '; j

r-"_'O_::_L_'U_J_r_e_

y

_.'J_V_l'_-_-O_.,s_c.....lr_v_a_._iv_C_,_e_S_L._:_t,_. J..--- -1. 1 _
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CORRELATION CHART

L
I
I

I
,

-

Category Buried, Reinforced Concrete Rectangular Shelters in Operation Plumbbob.

Structure " " 3LJ Iflt:,-~'=sr
"

~

~Ir
~

9'~'-lEJc=J "I~L -J.~ (.

r-;;r ') k-y '''''''//>S '" /,.
I • Co ma~sivo:! const. . ~ massive CO'1st.

/,

Operation Piumbbab - -(Structure/ref. page) (30.7 RAa / pp 157) (30.6 11-1 / ppJ47) (30.611-3/ pp ]:)1) (30,

-- -I
Detonation
(Yield / HOB) 43.8 KT / 700' - - ,

Distance from
ground zero 840' 900' ..-- ,

i

PSCl/q 190/ 160/ - I

0.24 sec.
I

Posi tive Phose 0.11 sec. -
Structura I
Response Flexural -- -Mode

Significant .Minor cracking in . Minor cracks in - • ~j
Structura I buried portiO"lS, major unexposed po·tian~.

1
Damage and damage to ~ntrance

Addi tional Comments way, the entry way
walls being pushed
back into the fill .

. Exte'ulve cracking
and sfXllling
uo:curred at the middle
0' spans and at re-
entront corners.

G",wral NatO's on 30.7 Strvc:tures----------------
1. All exposed portions exhibited fro"ll extensive to "TIild wind erasio"l and

missile sco·Jring.
, - , 2. Sl,elters and gro:md exhibited si'Tlilar accelerations a'1d tra'1slations,

!

11

with some tend~ncy for the entr, stairways to separate from the shel ter

I structure.
i 3. Sta'ldord blmt d"'sian r"-)l-prillre, predict the structural action with

r f
reasonable accuracy, using actual strengths of materials and as-built I

construction details. I

I
Il .t. j

I
i

I

I

~



c!ong"lar Shelters in Operation PlumlJbob.

-- I - Some as 30. ?RAa -(first column)

I I- - I (30.7 R;-jPP -(30.6 11-4/ pp 153) (30.6 11-5/pp 155) 15" (30.7 RAe / pp 161) (;

- -- -- -
- 1000' -- .......---

- 115/ --- - I
--h-- 0.26 sec. - -

-- -- - -- I-
--
-
-
-

(30.6 11-3/ pp 1;) I)
ioI--
.1/ pp 147)

-

-
!-----'-l--..---------+----------.,I-----------+----------+---------t--

crocks in
sed pori ia"L - .Minor crocking

in buried
portiol1S, entrance
badly darraged.

.Very minor damage
in buried portions.

.1/32" crucks in floor
minor wall and roof
crocks, major entrance­
way damage though
appreciably less than
30.7 RAa (fi rst cobnn).

.Hair line crocks in
main structure, e)­

tensive entranceway
crocks at re-entrant
corners.

fro01 extensive to -nild wind =ro:iO'1 and

~s predict the structurol aelioC! with
vol strengths of materials o"d us-built

iff.ilar accelerotio'1\ and tru.,slatio'lS,
y stairways to separote frOM the shelter

I

Ie---~- ----'--~I,~_._--J...-J-~

I I

l ... I



I

~-----
1"30.7RA' -- - 1';:1Ee::r I I[::1-5-~--t-(3-0-. -7-R-A-:-/-P-P-16-1-)--+-(3-0-.-7-R-~-d-/-P-P-16-;'-'l-+-'-(3-~-. 7-;-c-a-/-p-p-'-'-'I-..-+----------+----------

f---.-----t---------+------------li-----------+----------+-------.-

-- - - --
27.1

1170'1176'

- .--- 82/

1--__" , --- l__·_3_0_a_p_p_r_ax_. +-_,_4_8_ap_p_r_a_x_, -+ --l _

I-C-,~-C-k-s-in-I-Io-o-r--+-,-H-a-,-r-li-n-~-c-,-a-,k~~d'-,j-:-a-g-c-ra·----+-.M-i-no-r-"-cr-a-c-k-s----+-·---------+----------
!Noll and loot n'ain SIIUCIUIl:, "x- shelter, llighl well distributed.

major enlrance - Icmivc enlrun,{'woy entranceway damage. . No signili <:onl
frog€' though cracks 01 rf-ent'ant darr-age.
iahly less II'an corners.
~o (filII column),

\~--"\
! I
\ \
\ ....1
1...,\

1--

1

__-'---__---'-" --L.- L.--,_~_~_._1 _
215
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CORR~LA liON CHART

Categocy Other Buried Reinforced Concrete _>nel ters of Rectang"lar Constructio".

Structure
I . 4'-7" I

~I/~f:~1--

- ~-·1

Op=rotio"
(Stru~ture/re·. pO:!")

De~onotion

(Yield' HOB)

Teopat
(34.30-2/pp 100)

2B.5 KT / AB/ 5).)'

(34.31,-2 / -)

04 __

(34.30-1

14.2 KT / AB : -"\".
:lvJ

(3

I----------+---------I----------+---------f~
Di sta.,c.~ ~ro.ll

gCO'Jnd ze,o

Structural
RC'spanse
Mod~

105:1'

91. 9 /

Unknown due to lock of
instrumentation, and
significant distartio'"!.

_. -
4 7 /

Si!:llliti~u,,1

Structurul

Da'llo9'~ and
Addit;o"o' Corr:ment;

· No si9nifica~t str.Jctural damage.

· CO'15id"rao!" dorl and j·,bris littered the stair wells

.Rptn ining wall oro""d entry was do'.,.,a9,d.

· \/ent pip,~s were to-n o'f.
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.Retaining wall at entrance rofT'p was extensively
da"'1oged, partially due to inodequa'e soil com­
paction ond hi;:Jh reflected overpreSSlire loading.

. No vther s!n;eturol rlamoge occurred.

.Rarrp side-wall was "'oderately crocked will, 'QrrC

indicat:on of bond fai lure.
.Stn.H.:hJle YoIUS ;nor;- t~Gr. udcqUC1~C to rc5is.t "h"
loads applied.

. The strength of nO'me! lop spli':es in concrcle
rein!. may be much lowe, under high loadirg
'ates than under static loads .

.Conc,ete du(;t;!ity would be enhanced by weld­
ing or elimination of reinfOlcerr.en! splices .

. Natural soil is quite stili. Backfill was cO'llpoeted.
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GENERAL DISCUSSION OF STRUCTURAL RESPONSE

A summary statement can be made that the weapons tests in ~<lch C"1se did not dis­
prove standard assumptions used in blast design, limit desigl', and ultimate strength
theory. On the contrary, many test results were verifiable with re<lsonable accuracy
by employing the actual material strengths, as-bl,ilt construction condaions and
blast overpressure data ovai lobi I.' after tl'e tests. Standard, re<lsonabl 1.', eng; neering
analyses app:xlr to be adequate within the range of occuracy of the test data. Much
refinement is necessary for complete unrlerstonding of the slructural action.

I. Earth-Covered, Semiburied, and Buried Ste,,1 Arch Shelters

The results of the tests emphasize the basic concern that above-ground
structures in regions of high overpressure ore loaded by severe, asymmetri-
co I, drag forces. Above-ground, earth-covered, steel arc l, shel ters

1

collapsed completely under short duration, 30 psi overpressure loads.
Buried construction showed only minor damage at 100 psi. 2 The results of
the tests indica~e that the type of earth-covered, steel <Irch shelters tHted
wi II be operational up to an overpressure of 15 psi. The eHed of tho: "UI ii,
cov!.'r was to reduce the load on the lower, windward ponels of tile arches,
and protect the lower, iee side ponels by minimizing the horizontal our..art:
displacements. The e.:;rth cover had little or no eHe"t on reducing the down­

ward force applied to the arch crowns.

It is worthy of note that (1) no arch shelters with well compocted backfill
were tested wsing megaton rangt' detonations, as Eniwetok soils used did not
hove thp. mechci'iicc! prop~rtie!; ~ece~~CH,' fer g~,:,d ~"nlpnclinn and pensive
pressure development; (2) semi buried ste51 arch shelters failed completely
under high pressure, long duration loads; and (3) all of the slrl'clure, I"sku
in Nevada which did not fail had t=roper soil and gc,od compaction. Addi­
tional tests should be condut.ted on steel arch struct'Hes with good loil
r.ompaction using long duration loads, and on steel arch structures with poor

compaction using short duration loads.

The results of the tests indicate that flexible arch shelters when buried or
e<lrth-covered to eliminate drag loading, and when backfilled with well­
compacted soil of high shear strength, are loaded essentially symmetrically,
and function properly up to overpressures of at least 50 psi when these over-

IOperation Teapot, Structure 3.6, page 95

20perotic," Plumbbob, Structure 3.30, poge 127

30peration Hardtack, Structures 3.2, page 189
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pressures are of short duration. However, flexible arch shelters, back­
filled or covered with loose soil of poor compactability, collapse at
overpressure levels of less thc:'! 30 psi when loaded with either long or
short duration blast forces.

Pipe sections buried at depths greater than their span appeared to deform
predominately in the circumferential compression made.

II. Steel Construction Compored to Concrete Construction

The results of the tests do net indicate that reinforced concrete structures
have appreciably better structural respome ( lower accelerations, smaller
deflections, less differential movement, etc. ) than do steel structures
designed for the same purposes. Due to the erratic nature of the test data,
it can only be said that deflections measured on concrete sl'ructures tend
to be smaller, an the average, than do corresponding defle.:tians on steel
structures. As expected, concrete acts in a brittle monner producing some
missi Ie hazard, whi Ie steel acts with high ducti lity. Distress in concrete.
structures is easily recognized by the resulting crack and spall fl<Ittern.
Damage to steel structures does nat present itself so graphically. No in··
formation is avai lable on the pre-test and post-test conditions regarding
the water tightness of the test structures. Accelerations of test~d struc­
tures of both materials were comparable to the accelerations of the soi I
at the some depth of burial.

The instrlJmentation of the structures allows only limited insight into the
interaction of structures with soil, the most important characteristic of
the structural response of buried construction. The questionable accuracy
of the data, os we II as the lock of complete data, does not allow detai led
analysis. However, a general, positive statement has been mode.
Thi s cancep t , stated by several test program officers and not clearly
supported by test results, suggests that steel arch ;tructures, being highly
flexible and, hence, inefficient in resisting unsymmetrical loads, respond
to such luads by yielding suffidently to allow significant passive pressures
to be developed in the soil. These passive pres~ures, operating in resis­
tance to the applied lateral loads, produce the sai I preSSl're gage readings
obtained in many tests which indkate essentially symmetrical structural
loading. Hence, as a reciprocal, concrete structu,es of greater stiffness
will not "leon into" the soil to develop passive pressures, and, as a re­
suit, are loaded more asymmetri cally. Thus, stee I structures goin support
irom the surrounding soil by "rolling with the punch," while concrete
structures must rely more on the i r own inherent strength. Backfi II must
be well compocted to create significant passive pressures for small arch
side-sway. In addition, arch spon should be minirr.um. Arch length has
no influence if greater than three times the radius of the arch, and if
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shorter, contributes to the strength of the ",ud'He.

No full scale, buried, rectangular, steel str~ctLres were tested to allow
correlation with buried, rectangular, concrete construction. Interesting
tests of limited scope were conductp.rl in f'roject j.tl c~ Upshot-Knothole
(pp 63) on buried steel beams, but do not indicate the composite response
to be obtained from complpte structural asseMblies. Steel, rec:ongular
models4we re bui It but subjected to insufficient force to obtain structur;,jl
responSe infor~otion.

The rectangular, reinforced concrete construction suffered only rnino~

damage f·o below ground portions. Minor to severe crocking and displace­
ment was experienced in the entry ways Clnd stoir walls, predominately due
to flexure in a mode nd normally experienced by soil-retaining components.
Wo'is were pushed outward into the ;oil as atmospheric pressures were
greater than the soil resistance. Extensive wind erosion occurred to ex­
posed parts.

III. The Effects of Soi I

All test, of sufficient strength TO produce measurable ~tructural response
have shown that soillignificantly effects the strengthl of buried, semi­
buried, and earth-covered structures. In addition to increasing the effec­
tive moss vf 0 structure, soi I resilts movemeont and ~uick Iy damps out
resulting vibrations. OverpreSlure is lignificantly reduced in intensity
when the bockfi II il loose and can move or consol idote when the shock
wov" pCisses :hrough it. Well compacted backfi II of high sheer strength,
whi Ie being much less effective in reduc ing overpressure intensity than
I00H! fi II, w; II deve lop the possive relistonce needed by flexible struc­
tures. If the depth of burial of a fle><ible str'Jcture is greater than its
span, the soil wi II orch over the structure pro·.iding addition,,1 load resis­
tance. No significant structurol,esistrmce wus attributed to soil arching
in the structures of smaller burial depth to span rutio.

It is generally recomr,'ended for arched or tubu lor struc lures that bac kfi II
b~ carefully selected and compacted to 'Js~ure maximum resistance to
fl,-,v,)r{11 rli5t~rti~n. In ~dditi~r .. the telt res'Jlt! lend support to the
assumption that stre'ctures buried at depths equal to OJ great!:r than their
span are loaded essentially symmetrically. No statements of a more
specific nature should be made on the evidence obtained from these tests.

4 .
Operatron Buster-Jangle, Structures 3.3, pege 20
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IV. The Action of St'uctural Foundations

No damage was sustained by pad footings used in the massive, concrete,
l;nderground parking garage tested in Plu!l1bbob Project 30.2 (pp 141\. No
odH::r )huciufe:: utili.::eu H:pwure footing).

The structural action of continuou., poured-in-ploce foundotions was most
graphic-ally illustrated by the steel arched shelters of Operation Plumbbob.
Being relatively flexible, these footings moved downwarJ ( 3" moximum)
and in some cases, outward, when not tied directly to the fioor slob. Ex­
tensive foundation crocks occurred but dlle tn the .. .,nteined nature of the
resulting configuration, no collupse wos ,rrmmenl.

The floor sl"b used in the steE:l arch shelters was free from the foundations
and resisted their deflections by friction only. Only minor floor slob
cracks occurred ot 100 psi overpressure loadings. On the other hand, the
massive, monolithic foundation-floor used in simi lor concrete orch shelters
(PluII,L.l.vb 3.1, pp 116) suffered extemive crack damage. The difference
in structural r;istress of these two floor systems is attributed to the mobility
of the free foundations of the former over the mossive, monolithic supports
of the latter. It is to be recognized thot the concrete arch structures were:
subiected t,) greater talal loads, but probably could have f,ad less dc.mage,
hod the floar slob been free.

V. The Use of Models

tvIodels have been used to obtain test results. It is feasible to design model
tests which wi II yield meaningful results. The construction and tt stinjs of
models should receive the some core as that of the prototype. The advan­
tage of their use lies in lower total costs of construoion due te smaiier
physical size. Modl!!l~ were tested in Project 3.6 of Operation Teapor
(pp 95). Unfortunately, little was learned beye-nd the fact thut the
structure either did or did not foil, and the fact thot sheet oluminum is
weaker than sheet steel. Deflection was found to be a function of q
rother than p + O.25q as narma!ly assurred, but the models were not con­
structed to give accurate resulh.

tvIodels should be used extensively in laboratory tests in the planning of
full scale tests.

LIMITATIONS

The weapons tests conducted on buried, semiburied, and earth-covered structurc:s, in
r'k'St c,;,ses, gave the information needed to satisfy the project objectives. For the
most, these objectives were to determine whether 0 specific structure would or would
not serve as on adequate personne I she Iter. Tf,e wri ters of this re;>ort were interested
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in more tr.an the yes-or-no answers obtained in the tests. It was desired to iso­
late and examine the da~a in these tests to extract that information which is
pertinent to the solution of the strvctural design problem.

ihe resvits of ti,e investigatIon reveal that although a considerable amount of dota
was token, rrvch of it wes either debatable il1 its reliability, incomplell~ il1 its
scope, or not pertinent to the str,lcturol problem. When added to the fact that the
structvres tested were often standard s!ructures not designed to ("orry blast loads,
and, hence, contained obvious structural weokl1esses, and that each project was
different in basic points, giving a seli"s of isolated exampl,,:., the results of a
correlation become gp.neral and mther uninforrr.ative. Specifically, it can be
said that standard assumptions of str;jctural action were not refuted by the test
results.

These full scale test prograf"lS were admirably conducted within the imposing
Iirr.ita tions of project objectives, plcmning time, and financial support. It has
been leornt:J, for example, thot certair. types of structures can or cannot be used
as blast shelters. Empirical rules can now be set up to govern the construction of
the types of shelters tested. These rules can be extrapolated with boll-pork
accuracy to design shelters of somewhat different configurations. It should, how­
ever, be stater! that much of thl! infor'TlOtion is of inadequote content to do more
for the field nf stfl1r:turol <:lnolysis If>an suggest trends al'\d provide backgrol.'nd for
generalized statements.

RECOMM~NDAnONS

Camidering \'uried, semiburied, and eorth-covered constrlo/ction, the writers
recommend:

I. That additional full scale te~t$ be conducted on structures of both
conclete and steel construction;

2. That the lotol test progrorn be placed ur,der the guidance of a single,
engineering-research-oriented group whose ::horge ;t will be to
provide continuity and completene~s to the pro3rom;

3. That 011 test programs be olanned on the evidence of detailed
preliminary investigatial,.,

4. 'fhal the tests be designed to yield kr.owledge specifically" applicable
to structural design for blast loads for conditions of scil, and mvisture
c:ty"lt~~t fC'~nd i~ more reprc~cntotivc ~itesJ this i,iformotion tv iIlJi"utt:
both the j,,,rrediate strengt" and continued serviceability of the struc­
tures tested;

5. Tho I porti culcr core be token to properly instrUf"lent the structures and
surrounding sod to obtain:
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(0) loading modes and magnitude;, as a function of time,
(b) response modes, time-motion history, and distortion magnitudes,
(c) soi IS"structure interaction characteristics;

6. That the some type of structure be tested repeatedly to evaluate:

(a) the effect of soil,
(b) the effect of berm configuration, and depth of burial,
(c) the effect of overpressure, and drag,
(d) the effect of duration of load application,

and that the some tests be conducted on both steel and reinforced con­
crete structures af similar configuration;

7. That in conjunction with these tests, detailed information be obtained on:

(al resp::>nse of buried shell structures,
(b) shock isolation of total structures,
(c) shock mounting of structural systems, and companents.

I I
Il _I .,. v.'
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